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ABSTRACT 

The aspen parkland of east central Alberta offers a 
variety of grassland, shrubland and forest plant communities 
from which cattle can select their diets. This study was 
designed to determine the plant community and forage 
preferences of cattle during two seasons (June and October), 
under two grazing intensities (light and heavy) and in two 
years (1980 and 1981). Secondly, a study of the determinants 
of observed preferences was undertaken with particular focus 
on the relative quality, availability and dry matter intake 
rate (foraging efficiency) of forest and grassland forages. 
Finally, use and mortality of more than 200 aspen suckers 
were monitored each year in four treatments to assess the 
impact of cattle upon aspen invasion of grasslands. 

Grassland plant communities were generally preferred by 
cattle over forests or shrublands. However, exceptions did 
occur in portions of some grazing periods. Under drought 
conditions and heavy grazing in June, 1981, cattle 
selectivity between grasslands and forest decreased sharply 
in an apparent response to forage availability. In October, 
1981, an abnormally late killing frost delayed the 
senescence of palatable forbs and abscission of browse 
Species until the second week of the grazing period. Prior 
to the frost, cattle utilized these forages heavily and in 
turn showed high preference for forest and shrubland 
communities. Normally, grasslands were more preferred and 


forestumore taviordedwin October (than ein June due to the: dack 


iv 


sparot ins ¢3 tavinmo jae ond sniniedee Gz 
. (aado220 Bae gut) snoeses owt pniwwe oisdso io agoneveteng = 
ows n¢ bre (yeeen ‘bie tapis) ealtizfezai poise ows wehme | 
acvandnaedsb ate Yo yhose & ,ystndoe? (Ther Bae CHG) sine 
aviot relusitasq datw wededieie wat seanetste1q Sav zene O° 
oisent Yordam qvh Bhs qailidelthve ,yditaup svitetes ade fio © 
_espetol boeleweip Bos j2e70% to (ysneicitts phigese2) sims 
gtedoue meges OOF nuit oiod io Yriieysom ons eeu , ytieney 
od4 wes@ee oF e¢hemseo172 Wwol ni .s0y dyes berot inom eTee 
abneltenrg fo noizevni neqes sequ slate ao sougml 
qd: Betteteng et iatenee S16h saitécytines GAaig Bashayns 
bie sioragenxs ,Ievewon .ebsachdeste 10 etesi6? 1sve Stages a 
iitpuerb agbaU .abotaag pnisexg emoe 30 escisieg wt aco 
efgted, ,+88r aint nk onineig yrast p99 enti sities 
qiewate bagsssdet geavet foie Shanitéinio jeovsec ylvyi¢gelae 
7840920 aT -BEMSeSigvy epgxe? oF seneqea: Jueranee 26, Hh 
o#2 beysiah tevY pniiiix eset ylfeorqnta oe, 1 888 
saword to noleeizeds bas adtot sidsselsq to sone a 
2615% sboltea §adeare. sii Ae Yann bneees ady tiskd ol 
a aati ee eceae sie 0m 
: a a . peers is 


o> ston 7 a a Dees sictey 7 _ 


i - 
a 2 7 a ' 
aid —_ 


a 


of available leafy browse. Grasslands were more preferred 
under heavy grazing than light in both seasons. 

Cattle were principally grazers. However, browsing was 
Significant in all treatments, and ranged from 7 to 28% of 
total foraging time. This represented an increase of 40 to 
400% over data in other reports in the literature. Time 
Spent grazing was greater under a heavy grazing intensity, 
in October and in 1980, the non-drought year. Grassland 
herbage was the major source of forage ranging from 62 to 
92% of the cattle diet. Important secondary diet components 
included forest and shrubland herbage, aspen, rose, western 
sSnowberry and saskatoon. 

Cattle exhibited significantly higher bite rates (48 
bites/minute), bite sizes (0.99 g dry matter/bite), and 
foraging efficiencies (52 g dry matter/minute) when 
selecting grassland forages relative to forest forages (22 
bites/minute, 0.58 g dry matter/bite, 13 g dry 
matter/minute, respectively). Forest forages were more 
quickly depleted, especially under a heavy grazing 
intensity. Bite sizes were smaller and bite rates greater 
under a heavy grazing intensity. Bite rates were also higher 
in the year of drought (1981). The barrier effect of woody 
stems upon grazing was negatively correlated with bite 
rates, bite sizes and foraging efficiencies of cattle. 

Diet selection by cattle was positively correlated with 
foraging efficiency (dry matter intake rate). Quality 


attributes showed no consistent relationship with forage or 
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community preferences. Animal response at the community 
level was an integrated response largely dependent upon the 
dry matter intake rate for each forage and its relative 
availability. 

Cattle use of aspen suckers on the forest margin of all 
treatments occurred prior to severe depletion of herbaceous 
forage supplies. The number of browsings per sucker was 
twice aS great under heavy grazing as under light and four 
times greater in June than in October. As the number of 
browsings per sucker increased, mortality rates also 
increased. Mortality rates were greater under a heavy 
Grazingmaneensi tyes), methanieundernsitchtwci4). sand greater 
in June (47%) than in October (7%). Accordingly, heavy 
grazing in June resulted in the highest aspen sucker 
mortality (58%) among treatments. 

Foraging efficiency (dry matter intake rate) was the 
primary factor determining cattle response to forages and 
communities. Quality was of secondary importance. However, 
food density or forage availability served to alter the 
relative importance of those two factors. As forage 
availability and cattle selectivity increased, quality 
became an increasingly important determinant of foraging 


behavior while dry matter intake became less important. 
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1. INTRODUCTION 

The aspen parkland covers much of central Alberta. It 
has been described as a large tension area or ecotone 
between the boreal forest and mixed prairie (Moss and 
Campbell 1947; Coupland and Brayshaw 1953). Most of the 
remaining native aspen parkland range occurs on strongly 
undulating topography developed on glacial moraine or till, 
known locally as knob and kettle terrain. The resultant 
variability in microclimate accounts for numerous vegetation 
types expressed along a catenary gradient. There are several 
kinds of grasslands on upper slopes, then shrubland, forest, 
willow and finally sedge wetland in swales (Wroe 1971). This 
rangeland provides a wide variety of plant communities and 
forage species from which cattle select their diet. 
Consequently, the preferences and avoidances of plant 
communities and forages must be known to be included in 
range management grazing strategies. However, at present 
stocking rates in the aspen parkland are determined on the 
basis of herbaceous production (Smoliak et al. 1976; Wroe et 
al. 1981). Consideration of cattle preferences for browse 
Species as forage and the effects of environment and 
stocking rates on forage palatability, availability and 
animal selectivity is lacking. Adjustments for these factors 
might qualify present value estimates of various plant 
communities and forages. 

Fundamental to the above problems is the need to 


determine the major factors governing foraging behavior. 
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Diet selection by cattle may be based on optimization of 
nutritional balance (Rapport 1971; Ellis et al. 1976). 
Cattle maintain a nutritionally wise feeding strategy by 
certain adaptive mechanisms. They select a diverse diet 
(Zahorik and Houpt 1977) and prefer leaves and new growth 
(Arnold 1964; Zahorik and Houpt 1977). This strategy usually 
makes the diet higher in quality components and limiting 
nutrients (Arnold 1964; Zahorik and Houpt 1977). However, 
while sensory responses are developed enough to provide 
adequate nutrition, universal relationships of herbivore 
preferences with nutritional fractions show numerous 
inconsistencies (Arnold and Hill, 1972). This is likely 
related to the fact that cattle are classified as one of the 
least selective ruminant herbivores due to their digestive 
anatomy, mouth morphology andsf£ood shabrts- (Rice; et-al.9197 1° 
BilasSeands Trav iSeqlg 5° Wall msest07 6) ee Accordingly, .cattle 
have relatively high intake rates. Chacon and Stobbs (1976) 
estimated dry matter (DM) intake rates reaching 18 g/minute 
for cattle. This exceeds observed foraging rates for wapiti 
(13 g DM/minute) (Hudson and Nietfeld 1984) and smaller 
Species such as reindeer (Trudell and White 1981), mule deer 
(Collins and Urness 1983), and domestic sheep (Allden and 
Whittacker 1970). However, Hudson and Nietfeld (1984) noted 
higher intake rates for bison (23 g DM/minute). Intake rates 
for cattle appear largely dependent on two positively 
related factors, bite size and leaf yield (Chacon and Stobbs 


1976). Whatever the controlling factors, studies of foraging 


davorp wn: on aoa eiaaG 

qiteasu Yperssde eaitt Acne daheshiatien aisodad 1aaet 
snibinil bes eanshogmes, yhieus ni sepgid jaf odd 
revevon .(VTET 4qQuee Brie Yiatiigs  7f9t slontA) asneliszun | 
ehtive 3d. of ssyons beqolnret pig geidsaeas yroensa slit |) 
stevidred 30: sytdanstae0si Leese im 1ottissee sseupsba 
suovemun woe anoi#ae7) Lanoisirziwa igiw aeaneieieig 
yisd}ioa® airit,.(ecer .ifsatee bisa s) astonsdalenooel 
oft 26 eno 26 Sebtiaecia Ste giz3e> 2603 t203 af? 09 beeaiady 
evizespi® zig? ot sub aezcvidsed daan-mus evisosice ceeal 
LeCGL , fe C6 o77)-otiden Soot fine spotedqrea Atyvom ymeteni - 

slyoes. (items sobaz. (eer anal. eter elves? bas eiila 
(avet) adéose “bnelnosedS vances Siosnt ged yfeviteles sved 
facing B7 paifickhg ease pasers (OE) retdoRt 88 notembsag © 
itftqew, 152 abscr pn ipsio? Ravi9ed0 aboeone pont .217309 Ga 
rai lame Al, (AR) (Leaves bas, qoeeey) Loduendi@ye pf 
tesb elena , (RORT: shah onmaibehet) seebniss es tigue 


be. ciaeaie ane eae eee! ~=s - 


behavior have additional significance for aspen parkland 
range. Observation of cattle use of browse species, in 
particular aspen, could provide information needed to 
develop brush control strategies. 

Settlement of the prairies and the consequent control 
of fire has favored aspen forest encroachment onto the 
Festuca scabrella grassland (Moss and Campbell 1947; Maini 
1960). The average increase in aspen cover has ranged from 
0.05% per year (Bailey and Wroe 1974) at the dry southern 
edge of the parkland to 0.75% per year at the University of 
Alberta ranch, Kinsella (Scheffler 1976) and in the 
Porcupine Hills of southwestern Alberta (Johnson and Smoliak 
1968). Aspen invasion causes a decline in grass production 
(Bailey and Gupta 1973; Whysong and Bailey 1975). Hilton and 
Bailey (1974) noted annual herbage production of 2039 and 
125 kg/ha in grassland and aspen forest, respectively. 
Bailey and Wroe (1974) found 1944 and 154 kg/ha, 
bespectively mil thessamemtwo vegetation types. Obviously, 
forest invasion into grassland has negative effects on 
carrying capacity. 

The literature reports wide variability in cattle use 
of aspen (Smith et al. 1972; Hilton and Bailey 1974). The 
major determining factors of aspen use are poorly understood 
and rarely documented. FitzGerald (1982) and Smith et al. 
(1972) found that cattle browsed aspen more readily in the 
second half of the growing season. Bailey et al. (1980) also 


noted a seasonal effect whereby aspen use in October 
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(usually after leaf fall) was lower relative to June. In the 
Same study, Bailey' also observed greater aspen use under 
heavier grazing intensities. Age of aspen suckers has been 
discussed as a determinant of aspen use by cattle. Smith et 
al. (1972) contended that aspen sprouts were most palatable 
at emergence but Sampson (1919) found no preference for 
younger suckers in the first 4 years of growth. FitzGerald 
(1982), noted suckers in the second year of growth after a 
forest burn were more preferred by cattle than new sprouts. 

Research into the effects of season, grazing 
intensities and alternate available forages upon cattle 
response to aspen appear essential to define brush control 
strategies. Thus, a study of changes in foraging activities, 
community and species preferences under different seasons 
andeqrazing intensuties asi desirable,) Such an approach may 
indicate methods of aspen control in concert with other 
Shrubby species and provide strategies to obtain optimal use 
of various plant communities. 

Therefore, this research project was designed with the 
following objectives in mind: 
1. To determine patterns in community preferences displayed 
by cattle over two seasons, two grazing intensities and 
tWwO years. 
2. To determine foraging activities and forage preferences 
among communities, seasons, grazing intensities and years. 


3. To determine differences in the foraging efficiency 


‘Bailey, A.W. 1980. Personal communication. 
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(g DM intake/minute) or the profitability of grazing 
in forest and grassland. 
4, To determine if cattle select plant communities and/or 
forages in direct response to herbaceous productivity and 
Gualityvoor sin pProportione.o foragingver ficiency, 
5. To determine cattle use and mortality of aspen suckers 
in the grassland at the forest edge under different seasons, 
grazing intensities, and years; and secondly, to relate 
aspen use to herbage availability and aspen sucker 
parameters. 

An in-depth literature review regarding these 
objectives was divided into introductory sections within 
respective chapters of this study. This was done to expedite 


publications from this manuscript. 
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2. STUDY AREA 


2.1 Location 

The study area was located on NW28-47-11-W4 of the 
University of Alberta Ranch at Kinsella, Alberta 
(approximate latitude 53 02 degrees North, longitude 111 33 
degrees West) at an elevation of 700 to 900 m above sea 


level. 


2.2 Geology and Soils 

The soils in the Kinsella area developed from the heavy 
textured till of Viking moraine, deposited about 15,000 
years ago by recession of the Kehewin ice sheet (Wyatt et 
al. 1944). The moraine overlies bedrock of the Pale beds 
division and is responsible for the strongly undulating 
Surface expression known locally as knob and kettle 
topography. Soils are generally of medium loam texture with 
few to many stones and black topsoil averaging 7-10 cm in 
depth. Profile depth and texture vary from shallow and heavy 
on knolls to deep and friable in depressions. Soils are 
usually classified as thin black Chernozems although pockets 
of dark brown chernozems (knolls) and gleysolic soils 
(depressions) are often found (Scheffler 1976; Wheeler 


1976 )% 
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2.3, Climate 

The Kinsella area is generally classified as a "dry 
subhumid" climate with cold winters and mild dry summers 
(Wonders 1969). Approximately 75% of average annual 
precipitation falls in the growing season (April-September) 
(Environment Canada 1981). Average monthly precipitation and 
temperatures recorded at the University of Alberta Ranch 
from 1962 to 1981 are presented in Tables 2.1 and 2.2 along 
with data for 1980 and 1981, the two experimental years. 
There was above average rainfall during the growing season 
of 1980 while 1981 was an abnormally dry year. Rainfall and 
temperature were recorded about 9 km south of the study area 
at the summit of a large hill. Consequently, when killing 
frosts were noted at the study area, temperatures recorded 
one theshnil 1 were higher than those uSually required for a 
killing frost. Evapotranspiration averages 120-180 mm per 
annum while the normal frost-free period between mid to late 
May and early September is 100 to 120 days (Wonders 1969). 
Prevailing winds are normally from the west and northwest 


(Wyatt et al. 1944). 


2.4 History and Treatments 

The study area became part of a homestead in 1916 and 
was heavily grazed from that time until about 19477. From 
about 1947 to 1970 it had been cut for hay on an alternate 


year basis. By 1972, the area was typical aspen parkland in 


*Bailey, A.W. 1980. Personal communication. 
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Table 2.1 


1981, and the 20-year average. 


Month 


January 
February 
March 
April 
May 

June 
July 
August 
September 
October 
November 
December 


Total 


Table 2:2 
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Month 
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March =i 
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Mean monthly maximum and minimum temperatures 
(°C) for 1980, 1981, and the 20-year average. 


Monthly precipitation (mm) at Kinsella for 1980, 
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excellent range condition. The experimental site was grazed 
heavily in October, 1972, to uniformly remove the heavy 
litter accumulation on the ungrazed native grassland range. 
At that time, a grazing research project was designed to 
Study differences over two seasons of growth (early summer 
and autumn) and two intensities of grazing (light and heavy, 
8 animal unit months (AUM's)/field and 24 AUM's/field, 
respectively) (Bailey et al. 1980). Four fields ranging in 
size from 7 to 10 ha were then fenced to each include about 
6 ha of rough fescue-western porcupine grass grassland. Then 
the four treatments described in Table 2.3 were applied each 
year beginning in 1973. 

This study was conducted in 1980 and 1981, the 8th and 
9th years of treatments. Yearling heifers were used in both 
experimental years. The methods used to achieve the 


objectives of this study are presented in each chapter. 


2.5 Vegetation 

Nine plant communities were defined in the study area 
(Table 2.4). Criteria were selected to highlight differences 
in species composition and habitat structure that might 
affect animal response. 

The open phase grassland community exhibited the 
dominant grassland association of Festuca scabrella - Stipa 
spartea var. curtiseta, typical of the aspen parkland 
(Coupland and Brayshaw 1953). In that association, Festuca 


scabrella dominates on mesic, undisturbed sites while on 
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Table 2.3 Treatments applied to the experimental site, 
1973 to 1981 (using one-month grazing periods). 


Treatment Grazing Intensity Season 
V7 light (8 AUM/field) June 
2t heavy (24 AUM/field) June 
3 heavy (24 AUM/field) October 
4 light (8 AUM/field) October 


TT reatments i vandmeumeremstockeda atu4uancallcmAUM/ 1 lelc. 


respectively, in 1973 and 1974. 
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Table 2.4 


Community 


Carex wetland 


Salix wetland 


Aspen forest 


Shrubland 


Open grassland 


Forest edge 
phase grassland 


Snowberry phase 
grassland 


Silverberry 
phase grassland 


Brushed 
fencelines 


Definition of Plant Communities. 


Determining Criteria 


“Inundacvon fOr pare Of 


growing season; Carex spp. 
or Calamagrostis spp. 
dominant. 


composition Similar to Carex 
wetland but with greater 
than 75% cover of Salix spp. 


nearly continuous overhead 
canopy of aspen trees; 
presence of low shrub layer, 
rich or sparse, anda lower 
Strata of herbs. 


absence of aspen tree 
canopy; presence of shrub 
layer of Rose, Snowberry, or 
Saskatoon with cover greater 


than 75% and a herbaceous 
understory with less than 
EZ MECOVeTc 


grassland with shrubby cover 
less than 25%. 


herbaceous cover greater 
than 90%; presence of aspen 
suckers ina 5 to 30 meter 
band from forest margins; 
less than 75% cover of 
Snowberry. 


herbaceous cover greater 
than 90%; Snowberry cover 
greater than 25% and less 
thane / 5%. 


herbaceous cover greater 
than 90%; Snowberry cover 
less than 25%; Silverberry 
cover greater than 25%. 


bulldozed in 1970 
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more xeric Sites it codominates with Stipa spartea var. 
curtiseta, Agropyron spp. and Bouteloua gracilis. Other 
subdominants include Agropyron subsecundum, Agropyron 
dasystachyum, Solidago spp., Cerastium spp. and upland Carex 
spp. (Sinton 1980). Shrubs found on moister, lower slope 
positions of the grassland provided the distinction for 
three shrubby phase grassland communities, despite the same 
herbaceous species as open grassland (Wroe 1971; Wheeler 
1976). The first of these was the forest edge phase 
grassland where aspen invasion was occurring. Presence of 
Populus tremuloides suckers on the forest margin 
distinguished it from other grassland communities (Scheffler 
1976; Bailey 1978). The snowberry phase grassland community 
had a cover of Symphoricarpos occidentalis exceeding 25% but 
not greater than 75% (Wheeler 1976). Finally, the 
Silverberry phase grassland had a cover of E/]aeagnus 
commutata exceeding 25% with Symphoricarpos occidentalis 
cover less than 25% (Wheeler 1976). Excessive cover of 
shrubby species causing herbaceous cover to be less than 90% 
of that in open grassland resulted in non-classification as 
a grassland community. Over the eight year exposure to 
treatments, Bailey et al. (1980) noted a gradual decrease in 
grass production and an increase in forb production in the 
grassland communities under heavy June and October 
treatments. Increases in forb and grass production were 
noted in the light June treatment. Personal observations 


(1980) confirmed that the greatest changes in composition of 
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grasslands occurred under heavy June grazing. Festuca 
scabrella had been largely replaced by Agropyron 
subsecundum, Bouteloua gracilis, and other grasses adapted 
to more xeric conditions as well as a variety of forbs. The 
major grassland forbs included Thermopsis rhombifol ia, 
Selaginella densa, Cirsium arvense, Achillea millefolium, 
Frageria virginiana, Artemisia ludoviciana, Artemisia 
frigida, and Galium boreale. Aster laevis and Sol idago 
missouriensis were the two most palatable forbs available. 
Under light June grazing, an excellent stand of Festuca 
scabrella still dominated throughout all grassland 
communities after eight years (Bailey et al. 1980). 
Increases in cover of the forb species noted above occurred 
only on small locally overgrazed areas such as hilltops or 
cattle resting sites. The light October treatment area was 
also largely unchanged in terms of the original species 
composition and productivity of grasslands (Bailey et al. 
1980). However, the forest edge phase grassland was becoming 
progressively wider in area and structural diversity than in 
other treatments. The heavy October treatment showed 
increased forb cover throughout grasslands, particularly 
Cirsium arvense, Thermopsis rhombifolia, Galium boreale, 
Achillea millefolium, and Artemesia ludoviciana. Despite the 
low grass productivity noted by Bailey et al. (1980) in this 
treatment, grasses were still the major sward component of 


grassland communities. 
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The fifth community was the Populus tremuloides forest. 
It had an overhead canopy of aspen trees, a rich or sparse 
low layer of shrubs and a lower herb stratum (Moss 1955; 
Wroe 1971). The shrub layer was comprised of Symphoricarpos 
occidentalis, Amelanchier alnifolia, Rosa woodsii, Rosa 
acicularis, Rubus strigosus and Salix spp. (Hilton 1970). 
The herb layer consisted of Rubus pubescens, Aster spp., 
Vicia americana, Lathyrus ochroleucus, Pyrola secunda, 
Frageria virginiana, Galium boreale, Epilobium 
angust ifolium, Viola adunca, Smilacina stellata, Thal ictrum 
venulosum, Calamagrostis spp., Anemone canadensis, and 
Agropyron trachycaulum. Changes in composition and structure 
of the aspen forest after eight years of the heavy June 
treatment were apparent. That forest lacked a productive 
lower shrub layer of rose, aspen, saskatoon, or snowberry as 
well as the taller herbs normally found intertwining such 
shrubs. Vicia americana, Lathyrus ochroleucus, and Smilacina 
stellata were the herbs most notably lacking in abundance. A 
ner but much less pronounced difference was discernable 
in portions of the forest in the heavy October grazing 
GEReacment. 

The sixth community was the shrubland. It lacked the 
aspen tree canopy but had a shrubby cover of Rosa 
acicularis, Symphoricarpos occidentalis or Amelanchier 
alnifolia exceeding 75% (Wheeler 1976). Furthermore, the 
rather continuous shrub cover had an obvious negative effect 


on herbaceous productivity. Thus, the herbaceous understory 
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normally had a covervot less than 25%. Compositional and 
structural differences among treatments after eight years 
were minimal in the shrubland community. 

Two wetland communities were present in the catenary 
sequence. Localized wet depressions or fresh water sloughs 
dominated by various Carex spp., Calamagrostis inexpansa, 
Calamagrostis canadensis, Glyceria grandis, Beckmannia 
syzigachne, Sium suave and others represent the Carex 
wetland community (Walker and Coupland 1970; Wroe 1971). The 
margins of these wetlands are dominated by Salix petiolaris 
and Salix discolor in a shrubby community leading into aspen 
forest (Bird 1961). This Salix wetland community exhibited 
Salix spp. cover of 79 and 88% as determined by Wroe (1971) 
and Scheffler (1976), respectively. Differences in community 
structure and composition among treatments were not apparent 
in the two wetland communities. The final community was the 
disturbed area along fencelines of the study area. It 
consisted of any areas cleared of brush in 1970 to 
facilitate fencing. Herbaceous cover and production in this 
brushed fenceline community was relatively low and highly 
variable. Differences among treatments after eight years 
were apparent with regards to the cover and density of aspen 
suckers. In 1980, the two October treatments showed heavy 
aspen domination of fencelines. Aspen ranged in height from 
new suckers to 4-m trees that represented successful 
regeneration from the clearing operation. The two June 


treatments showed less dense aspen growth and lower aspen 
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cover. The light June treatment exhibited varying degrees in 
aspen sucker height (0-3 m tall) while the heavy June 
treatment showed no brush species taller than 1-m and by far 


the lowest aspen cover of any treatment. 


<n 
72 efies: > 


ie ae | 7 
ier “qi a aren ae my e-9 gagh 


ia 
+ 294sa98 ne 
ma? @ tee i mets wells? Solgage dawns on 


dant 
is 


— 
: 


3. PLANT COMMUNITY PREFERENCES 


Sale Introduction 

Grasslands are usually the major source of dietary 
components for cattle, while shrublands and forests are 
relatively minor (Smith et al. 1972: Miller et al. 1976; 
Hansen et al. 1977). In the aspen parkland, such preference 
patterns appear to be less consistent. In Colorado, Ellison 
and Houston (1958) and Paulsen (1969) observed that cattle 
did not use the aspen forest as much as the grassland. 
Similarly, Hilton and Bailey (1972) observed minimal use of 
the forest in central Alberta under late August - mid 
September grazing. However, the next year they noted 
preferential use of forest relative to grassland during a 
June drought. Bailey et al. (1980) also found significant 
use of aspen in June. FitzGerald et al. (1984) noted cattle 
preference for spring-burned grassland in early July but 
preference for spring-burned forest in August. This was 
associated with increased browsing in August. 

The effect of grazing intensity upon community 
preferences appears largely unstudied. However, numerous 
reports indicate increased use of browse species and browse 
type communities as grazing intensity is increased (Sampson 
(919reVavracet: al.21977 > Bailey et al.94980). 

The objective of this chapter was to determine the 
plant community preferences and avoidances of cattle under 


different seasons, grazing intensities and years. 
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3.2 Methods 

Asis 903Scalevacrialephotoguaphewith a. t-em* grid 
overlay was used as a base map of the study area. In May, 
1980, communities were mapped in the field on the gridded 
photograph using the criteria noted in Table 2.4 to identify 
plant communities. An electronic planimeter was used to 
determine actual proportions of communities available for 
cattle use within each of the four fields. 

Grazing periods were about 4 weeks in length and the 
number of yearling heifers required to achieve stocking 
rates varied among treatments according to animal weight 
(Appendix A). Cattle use was monitored by observation of 
groups of grazing cattle, normally done every day with never 
more than a 3-day span between observation sessions. Most 
group observations were performed during the major grazing 
periods, early morning and evening (Dwyer 1961). A lesser 
number were conducted in late morning and early afternoon. 
Observation sessions normally lasted 2.5 to 3 hours, were 
recorded via portable tape recorder and later transcribed. 
Details of the number of cattle per group, the number 
grazing or browsing, the number foraging in respective plant 
communities and the spatial position of the group with 
regards to the grid map were recorded approximately every 10 
minutes. Frequencies on use of the plant communities were 
determined as a proportion of the total number of group 
observations within treatments. Frequencies were weighted 


for the number of animals per group divided by the average 
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number of animals per group in respective communities. 
Following Neu et al. (1974), observed frequencies of use 
were tested against the expected frequencies of use 
(proportions of plant communities in each field) to obtain a 
chi-square value. This chi-square value was called the index 
of cattle selectivity among communities. It measured the 
probability that cattle used plant communities in proportion 
to their available area. Continuing the procedure, goodness 
of fit comparisons of the observed and expected (the 
available proportion) use of individual communities were 
performed to indicate preference and avoidance responses via 
pon tcence intervals on chi-square values (Appendix B). In 
other words, a preference index (observed use/expected use) 
with confidence limits was calculated for each community in 
each treatment. When observed use exceeded expected use, the 
resultant index value was greater than 1. This was 
indicative of a preference response. Conversely, an index 
value less than 1 indicated an avoidance response. Patterns 
in response were then identified across seasons, grazing 


intensities, and years. 


3.3 Results 

Cattle exhibited significant plant community 
selectivity in both years of every treatment (Table 3.1). 
Selectivity among communities was consistently higher in 
October. Further insight into the relative use and 


preference of specific plant communities demands closer 
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Table 3.1 Indices of cattle selectivity among plant 
communities (X?), and the probability that cattle use 
waS proportional to community area (p) under various 
treatments, 1980 and 1981. 


1980 eley 
Treatment IS Pp Ms p 
light June grazing 43 OG 23 .00 
heavy June grazing ade 200 39 00 
light October grazing SH 00 120 00 
heavy October grazing 1 ae) .00 15 00 


Scrutiny of individual treatments. 


3.3.1 Light Grazing in June 

The two major communities utilized both years in the 
light June treatment were the aspen forest and the open 
grassland (Fig. 3.1). However, the aspen forest was highly 
avoided by cattle while open grassland use was proportional 
to it's available area. The snowberry phase grassland was 
also heavily used in 1980. Cattle grazed throughout 
grassland communities in 1980, and often circled or turned 
about when reaching a shrubland or forest perimeter in order 
to remain in the grassland. At the forest perimeter, animals 
would frequently graze the grassland along the forest edge 
rather than using open grassland or forest. Upon entrance 
into the forest, the animals foraged in a dominantly 
uni-directional manner until another community perimeter was 


reached. Then the cattle usually left the forest in 
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preference for a grassland community. The animals often 
camped for major rest periods at the water or salting areas. 
The watering area was separated from the main body of open 
grassland by a large shrubland area heavily interspersed 
with snowberry and silverberry phase grasslands. Thus, the 
cattle often grazed or trailed directly through this area 
after leaving the water site. 

In 1981, a few minor behavioral changes were observed. 
Firstly, the animals spent more time browsing in the 
shrubland community near the water than grazing in the 
adjacent snowberry and silverberry phase grasslands. 
Similarly, the forest was more preferred by cattle in 1981 
than in 1980. Although their behavior upon leaving the 
forest did not change, the cattle seemed less apt to turn 
away from the forest perimeter and regraze grasslands. To 
Summarize, the cattle were less discriminative among 
communities in 1981. 

Over both years, the forest edge grassland was the most 
consistently preferred community, reflecting the grazing 
behavior observed at forest perimeters. Preference for 
snowberry and silverberry phase grasslands was inversely 
related to shrubland preference in both years, one 
determinant being the close spatial proximity of these 
communities to the water source. All three shrubby phase 
grassland communities were preferred over open grassland in 
1980 but only the forest edge grassland showed a similar 


response in 1981. However, total shrubby phase grassland (3 
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communities pooled) was still more preferred than open 


grassland in both years (Appendix B). 


3.3.2 Heavy Grazing in June 

Cattle consistently avoided the aspen forest in both 
years but because of its large area (52%) it was still used 
considerably (Fig. 3.2). The most heavily used communities 
were the various grasslands. Behavior appeared largely 
dependent upon species preferences and the quantities of 
alternate available forages. In 1980, the cattle exhibited 
consistent use of all grassland communities throughout the 
Grazing) period (Fag. 3.35). Initially, the animals 
concentrated on selection of palatable forbs and green 
grass, and usually grazed along the forest edge prior to 
entering forest or returning to open grassland. However, by 
the second week, animals would usually enter directly into 
the forest upon reaching itS perimeter. Foraging within the 
forest varied between grazing and browSing, depending on the 
thickness of browse cover. Animals would often stop suddenly 
after a period of forest foraging and trail to the nearest 
grassland before resuming grazing. They would sometimes 
trail through the forest from one grassland 3s another and 
then resume grazing. These observations increased in 
frequency as the grazing period proceeded, accompanying the 
depletion of readily available forest herbage and browse. 
Conversely, in the grassland communities animals rarely quit 


grazing unless they were about to lie down or trail to water 
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100 Aspen forest Grasslands 


(NT Foraging time-1980 
80 
[ Wh Foraging time—1981 


COMMUNITY AREA and FORAGING TIME, % 
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Figure 3.3 Availability and weekly use of aspen forest and 
all grasslands under heavy June grazing (preferences or 


avoidances are Significant at ps.05). 
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or salt. The cattle avoided wetland communities although 
infrequent use was noted, especially in the Salix wetland 
where Salix leaves were highly preferred in comparison to 
adjacent sedges. 

In 1981, a year dissimilar from 1980, there was a large 
decrease in selectivity among communities (Table 3.1). 
Grazing behavior was very similar to 1980 for the first two 
weeks. However, as the grazing period progressed, animals 
Spent less time in the grassland and more time in the forest 
(Fig. 3.3). Unlike 1980 when green regrowth on grasslands 
maintained a source of readily available forage, the 1981 
drought forced cattle into forest and shrubland communities. 
By the fourth week of June, 1981, animals were heavily 
utilizing unpalatable plants including Western snowberry, 
Silverberry, yarrow and buffalo bean. Indeed, by the end of 
the fourth and final week the only observable selectivity 
was a reluctance to graze buffalo bean and older, woody 
portions of trees and shrubs. However, there was still a 
consistent avoidance of the forest and wetlands, anda 
preference for all grassland communities in both years. 

Comparison of the selectivity indices for the light and 
heavy June treatments confirmed greater discrimination among 
communities under heavy grazing (Table 3.1). Preference for 
the grasslands as a whole was greater under heavy June 
grazing. In both treatments the total shrubby grassland was 
consistently preferred over the open grassland. Similarly, 


both treatments showed decreased forest avoidance and 
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increased shrubland preference in 1981. 


3.365) bight Grazing in October 

The open grassland was obviously the most important 
community to foraging cattle (Fig. 3.4). Silverberry phase 
grassland and the shrubland in 1981 were the major secondary 
sources of forage. Cumulative use for all grassland 
communities was over 97 and 75% of the total in 1980 and 
1981, respectively. Cattle showed a strict preference for 
the open grassland in 1980. They tended to congregate on 
hilltops and south-facing slopes within the grassland when 
grazing. This patchy distribution resulted in local areas of 
heavy utilization where grazing and regrazing occurred, 
thereby preventing the build-up of standing litter. When 
grazing in less well utilized areas, cattle were much more 
selective in attempting to avoid the litter. Locally 
Oover-utilized areas were also observed in the silverberry 
phase grassland community. The inability of animals to graze 
in this manner in the snowberry phase grassland because of 
the barrier effect of western snowberry stems and litter 
build-up may partially explain their indifference to that 
community in both years. Use of the forest, shrubland, and 
forest edge phase grassland communities was minimal in 1980. 
As noted in Chapter 2, the structure of inner portions of 
the forest edge in the light October treatment was similar 
to that of the forest. The only observed grazing in the 


forest edge phase grassland occurred in its extreme outer 
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limits where grassland structural characteristics 
predominated. Similar observations were made in the brushed 
fenceline community, structurally similar to forest and the 
inner limits of the forest edge. 

In 1981, the summer drought resulted in relatively low 
available herbage supplies in grasslands in October. Then, a 
late killing frost nine days into the grazing period (0°C on 
Sept. 23)and —120-4C, on Sept. 25pateachesni | btoparecoraing 
Station) resulted in abnormal availability of forbs in the 
forest and shrubland communities. Unlike 1980 when the 
kiting frost preceded the cqrazingesperiod (=2-55°C on Sept. 
18), cattle highly preferred the forest during the first 
week of October, selecting leaves of woody plants and 
rapidly senescing forbs, primarily Lathyrus ochrol]eucus 
(Fig. 3.5). However, by the end of the first week, Lathyrus 
had senesced or had been largely depleted, making it 
difficult for animals to harvest. Subsequently, a dramatic 
return to the norm of forest avoidance and grassland 
preference was observed in week 2. The first three weeks of 
October, 1981 also featured heavy utilization of the 
shrubland community located near the water (Fig. 3.6). 
Unlike forest forb senescence, leaf abscission of woody 
plants was a much slower process following the killing 
frost. Thus, browse was available as a forage source well 
into the third and fourth weeks of grazing in the shrubland 
community. However, by the end of week 3, use of shrublands 


was considerably less extensive, perhaps due in part to 
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Grasslands 


Aspen forest 


Foraging time—1980 


4d Foraging time—1981 
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Figure 3.5 Availability and weekly use of aspen forest and 


all grasslands under light October grazing (preferences or 


avoidances are significant at ps.05). 
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Figure 3.6 Availability and weekly use of shrubland under 
light October grazing (preferences or avoidances are 
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depletion of available browse as well as the effect of 
abscission. Nevertheless, selectivity among communities was 
greater in 1981 due to the environmental changes favoring 
browse availability and use (Table 3.1). 

Overall, the aspen forest, forest edge phase grassland 
and brushed fenceline communities were consistently avoided 
while open grassland and silverberry phase grassland 
communities were preferred (Fig. 3.4). The shrubland was the 
most preferred in 1981, although only a secondary community 
in terms of use. Preference for open grassland was greater 
than for total shrubby phase grassland (pooled) in both 
years. Likewise, the most open of the shrubby phase 
grassland communities, the silverberry phase grassland, was 
more preferred than either the forest edge or snowberry 
phase grasslands. 

Comparison of selectivity indices for the light June 
and light October treatments shows greater selectivity among 
communities in October Geis 240). In both years, a greater 
preference for open grassland and greater avoidance of 
forest and forest edge phase grassland was observed in 
October relative to June (Appendix B). Preference for total 
grassland (pooled) was greater in October fyan in June both 


years. 


3.3.4 Heavy Grazing in October 
The most heavily used community was the open grassland 


while the largest community, the aspen forest, was avoided 


oe so0tity met ete (1 bow 


nis abel nuthin erie pita 


D 


7 


subeavad Paepakey saznem sor pen 
“we ae tarkés 

bis io seamelq apbe sEa103 aeeeior  ssqes ef. 28 av0- 

wei oem viivete:zno3 9oee ae} seu > gi tented bedautd bre 

ae Viseireetie ios basivesip nage otidw 


‘ v 7 . i a" 4 is of 
sav DHRLOUS of). (22 T> be Yues atg ssow aes —, - 


%? 
Cc 
an 
= 
‘ib 
if 
= 
mi 
ta 
z. 


ma ' » & YTNG SpumMil pie J 


: 4 ti : a of ; q 
' : eek iy 6: as ist Ee ine gaye foi1si1% , Sil yet) om sed fi 


4 4 7 
1 thafeen) ersigéste Sect yact leiqu 
. 21 1ego, 320 tyuetid .& 
paw ,! ea¢ Swi MIdetle i it. ,eab Screens bghieeete _ 
= 7 
1 pdwowe. 3 © feezot of yehitte mAs baarete7g ok 
abs hgnene seadg 
¥ esl sae “ = | Bie way Ta tors we ay srevet peu 
; Yreves . so’ gy dete 2 Semi eea? crohsoe talges, Be 
teteel@ & mcd fet 4! wt giatg? sata2o0 fn! an) 2 Canaan > 


30 S257 ove 199 4ave epee baetetszea sgeo ici} SQmamtw ay) 


- 


re beeureup 24” Wes.see 
wee? SJ, earnte te wifnequa) sow o? svi tied 7 =F 
w halen coat 


eum 


7 ’ 
- 7 oa 
“ety spikes saav) boa tae 7 


33 


both years (Fig. 3.7). The grasslands as a whole represented 
92% and 74% of total use in 1980 and 1981, respectively. In 
1980, the cattle grazed and regrazed the grassland several 
times. Cattle continued grazing throughout the various 
shrubby grassland communities, but the woody stems created 
an impediment to the grazing act and in turn, the intake 
rate. Thus, animals would sometimes quit grazing in a 
shrubby phase grassland community and trail to an open 
grassland, especially when the woody stem density and 
impediment to grazing were relatively high. 

Cattle usually avoided the forest perimeter. However, 
use in the forest was sometimes noted where forage was 
available in quantity. The brushed fenceline and wetland 
communities were also generally avoided, although 
considerable use of a dry Carex wetland was noted during the 
final week of grazing when grassland forage supplies were 
largely depleted. This heavy use during the final week 
contributed to an insignificant avoidance index for Carex 
wetland in 1980. 

Minor differences in behavior were observed in 1981. 
Cattle used the forest and shrublands more in an apparent 
response to the late growing season and late frost. The 
increased use was a function of the increased availability 
of forages, particularly woody leaves and current annual 
growth. An increase in use on the forest edge and snowberry 
phases was also noted, particularly during the first week of 


grazing when palatable browse was still available. However, 
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under heavy grazing, the more palatable sources of browse 
were largely depleted by the end of the first week and 
cattle returned to more available forage sources in the open 
grassland. In the third week of grazing an increase in use 
of western snowberry was noted. It was the only remaining 
source of browse with leaves and berries attached and, due 
to grassland herbage depletion under heavy grazing and 
summer drought, it had become a relatively preferred source 
of forage. Thus, an increase in use of shrubland, forest, 
forest edge grassland and snowberry phase grassland was 
evident. The fourth and final week of grazing showed another 
return to herbaceous foraging in grassland communities 
following snowberry depletion. 

Overall, the aspen forest was avoided and open 
grassland preferred (Fig. 3.7). Forest and shrubland were 
avoided less and the forest edge and snowberry phase 
grasslands more preferred in 1981. Conversely, the two most 
open communities, the silverberry phase and open grasslands, 
showed lower preference responses in 1981. However, open 
grassland was still more preferred than total shrubby phase 
grassland (pooled) in both years. 

Comparison of selectivity indices with the light 
October treatment showed greater selectivity among 
communities under heavy October grazing in 1980 only (Table 
3.1). Consistently greater preference for grassland as a 
whole (pooled) was observed under heavy grazing, in 


agreement with June results (Appendix B). 
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Comparison of the selectivity indices for the heavy 
October and heavy June treatments showed greater 
discrimination among communities in October, consistent with 
results of the two light grazing treatments (Table 3.1). 
Actual preferences showed consistently greater avoidance of 
forest and shrubland and greater preference of open 
grassland in October (Appendix B). The open grassland was 
more preferred than shrubby grassland (pooled) in October 
and the opposite was observed in June, a result consistent 


wrth theslightsgqrazing comparisons: 


3.4 Discussion 


3.4.1 Seasonal Patterns 

Cattle were more selective among communities in October 
than in June. This difference was reflected by greater 
avoidance of closed communities (forest) and greater 
preference for more open communities (open grassland). The 
most obvious determinant of this behavior was a decrease in 
available forest forage from June to October. This was 
demonstrated in 1981 when a late killing frost delayed 
abscission of leafy browse and senescence of succulent forbs 
in forest and shrubland communities in late September. 
Subsequent use of those two communities in both light and 
heavy treatments was greater than in 1980, especially in the 
first week. These observations support FitzGerald (1982) who 


observed the apparent readiness of cattle to graze within 
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the forest rather than the adjacent grassland in late 
August. Hilton and Bailey (1972) observed similar 
preferences for aspen forest during August. In both reports 
it was suggested that the August shift towards forest 
preference was due to grassland forage maturation and the 
relatively high moisture content of forest forage species. 
Indeed, Gesshe and Walton (1981) noted a strong positive 
correlation between moisture content and selection of mature 
forages. From the observed behavior in autumn, it appears 
thatsthiseshitt’ in preterence may last until leaf fall) for 
browse species, or until killing frost or depletion of 
forest forbs occurs. Fall grassland regrowth under favorable 
growth conditions may further modify preference. In June, 
cattle also showed greater use of closed communities in 1981 
than in 1980. This was largely due to the lack of palatable 
herbaceous regrowth on grasslands under drought conditions 
in June, 1981. The lack of green regrowth contributed to a 
rapid decline in herbaceous quality and availability. These 
results support the studies cited above. Cattle exhibited a 
shift towards forest and shrubland preference under summer 
avoughuecondvtionsea(Hiltonsand= Bavleyelo7 2s. rarzGerald 
19629% This shift wasea function of forage quality as well 
as availability. 

imheacditiconetorauality and avallabviirny, other factors 
were involved in seasonal differences in community 
preference. The negative effects of standing litter and 


woody stems upon the selection process and intake rate were 
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observed in both seasons. Yet, cattle showed consistently 
greater preference for shrubby phase grasslands over open 
grassland in June, and vice versa in October. In the light 
June treatment, the shrubby phase grassland communities 
contained higher amounts of palatable forbs, native grasses 
and available browse relative to the open grassland. The 
tall forbs and long tillers of grasses tended to grow 
through or were spatially above the true litter layer. 
Cattle were quite adept at selecting grass or forbs above 
the litter layer with their mouths and then uprooting it 
with a quick jerk of the head. Under heavy June grazing, the 
shrubby phase grasslands provided higher levels of dead 
herbage biomass and browse than the open grassland. These 
alternate supplies of forage were more important under heavy 
grazing because live herbage was often depleted. In October, 
forbs and grasses were often mature and/or intertwined with 
the accumulating litter layer while most browse species were 
less preferred due to leaf abscission. Cattle in October 
were observed in long and often unsuccessful attempts to 
separate green forage from litter using their tongues and 
muzzles. The autumn leaf fall of shrubs also contributed to 
litter biomass in shrubby grassland communities. Thus, in 
addition to a direct barrier effect on the grazing process 
(Bailey 1970), woody stems contributed to the litter 
accumulation which in turn inhibited selection of palatable 
herbage. These factors made preferred herbage more 


accessible and available in the open grassland. 
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3.4.2 Patterns across Grazing Intensities 

The major pattern discerned was greater discrimination 
between communities under heavy grazing. It was consistent 
throughout except for October, 1981, when relatively large 
Sustainable sources of browse under light grazing caused an 
increase in selectivity for forest and shrubland. 
Nevertheless, consistently greater preference for grassland 
was observed under heavy grazing. This is in agreement with 
Royama (1970) and others who noted that consumers spend most 
of their foraging time in places where food acquisition is 
most profitable, and that they may select less preferred or 
lower quality food if it 1s more abundant than preferred 
food. Thus, cattle apparently found the grasslands more 
profitable as sources of forage. However, the effects of 
June drought in 1981 caused increased forest use, perhaps 
due to eventual depletion of grassland forage and a lack of 
green regrowth. Hilton and Bailey (1972) noted similar 
decreases in grassland use under June drought conditions in 
the aspen parkland. The effect of drought upon grassland 
forage regrowth vigor, quality, and availability appears to 
cause a lowering of the "profitability" threshold for cattle 
grazing the forest. 

The foraging behavior of cattle in plant communities 
has been demonstrated in this chapter. However, the 
preferences and avoidances of communities are mostly a 
function of cattle response to plant species or species 


groups. This will be considered next. 
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4. FORAGING ACTIVITIES AND DIET COMPONENTS 


4.1 Introduction 

The preference of cattle for open habitats is a 
manifestation of their foraging strategy. Therefore, 
differences in activities and diet proportions of specific 
forages should help clarify the community preferences and 
avoidances observed in Chapter 3. Moreover, diet proportions 
of forages will enable relation of animal response to 
quality, availability and foraging efficiency for specific 
forages. 

Most diet composition studies have used fecal, 
esophageal or plant utilization estimates (Table 4.1). They 
indicate that browse species generally contribute less than 
5% of forage consumed (or of total foraging time) by cattle 
foraging in summer on native rangelands. In aspen parkland, 
utilization estimates show that use of herbage generally 
exceeds that of browse (Smith et al. 1972; Hilton and Bailey 
1974). However, FitzGerald and Bailey (1984) observed 
extensive browsing by cattle in regenerating aspen forest. 
They also noted a seasonal effect whereby cattle deferred 
browsing in June and early July until herbage was depleted 
to. 750 kg/ha, but would initiate browsing in mid to Tate 
August when herbage levels still exceeded 2000 kg/ha. In 
Spite of these implications of greater browse use, the 
proportion of time spent grazing or browsing on native aspen 


parkland range remains essentially unstudied. 
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Table 4.1 The proportion of browse in cattle diets (%) as 
estimated by various experimental methods. 


% Browse Range type 

Method in diet (location) Reference 
Plant 4 Ponderosa pine-Blue bunch Miller and 
Uo zation wheatgrass-Orchardgrass Krueger 1976. 
estimate (Foothills-NE Oregon) 
Fecal 5 Sagebrush-Pinyon pine- Hansen et 
analysis Needlegrass-Wheatgrass alin S77 

(Douglas Mtn., Colorado) 
Fecal S5 Southern pine-Bluestem Pearson 
analysis (Louisiana) ove 
Esophageal 5 Blue grama shortgrass Vavira petal. 
fistulae range TOI 

(NE Colorado) 
Fecal =5 Mesquite-Side oats grama- Sanders et 
analysis Texas wintergrass al Ag 73% 


(North central Texas) 


Plant <5 Aspen-Spruce-Wheatgrass- Smith et al. 
utilization Bluegrass 1972" 
estimate (Subalpine range in Utah) 

Direct =5 Blue grama shortgrass Reppert 
animal range 135.9% 
observation (Eastern Colorado) 


The objective of the work described in this chapter was 
to determine the major forage sources in the diet of cattle 


and the relative time spent utilizing each forage. 


4.2 Methods 
The group observations of cattle described in Chapter 3 
were used to determine activity frequencies. These 


frequencies represented the proportion of animals grazing 
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and browsing in each group observed. Thus, the two 
frequencies were inversely related. Mean browsing and 
grazing frequencies across communities, treatments and years 
were weighted for the number of animals in each group 
observed. To maintain proper degrees of freedom, each 
observation was also weighted for the average number of 
animals per group in respective communities, treatments and 
years. Analysis of variance tests were performed to 
determine if there were significant effects of community, 
season, grazing intensity and year on foraging activity. 
Sample means were tested for differences according to Steel 
and Torrie's (1980) method of testing unequally replicated 
means with the Studentized multiple-range test. Although 
Sample means were not least Squares means, the test can be 
considered valid in that the differences were between pairs 
of means in logical groupings (Winer 1971). Furthermore, the 
number of observations obtained for each cell was certainly 
large enough to produce acceptable sample means °*. 
Behaviour of randomly selected individual animals was 
observed and recorded during the intervals between group 
observations. These individual observations normally lasted 
3 to 5 minutes. Subsequently, thousands of bites of various 
forages selected by cattle were observed (Appendix C). 
Recorded behavior included the length of time observed, the 
plant community, the forages selected and the number of 


bites of each forage. Forages or forage sources were defined 


>Hardin, R.T. 1980. Personal communication. 
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according to species for browse plants while herbaceous 
species were pooled into one forage source called herbage. 
It was not possible to consistently recognize individual 
herbaceous species without disturbing the animal. Time spent 
by animals that lifted their heads to trail to another 
locale or break from feeding for more than 5 seconds was 
subtracted from the total time observed. The proportion of 
each forage source in the diet was determined by dividing 
the selected number of bites by the total number of bites 
taken in each observation. The length of each observation, 
adjusted for the average length of observations in 
respective communities, treatments and years, was used as a 
weighting factor when mean diet proportions were calculated 
across treatments and years. Then, analysis of variance in 
the proportion of each major forage source in the diet was 
performed to determine the effect of seasons, grazing 
intensities and years. 

Finally, an analysis of variance in diet diversity or 
breadth was performed. Diet breadth was defined as the 
number of different forage sources selected by an animal 


during an individual observation. 


4.3 Results 

Browsing represented a significant portion of total 
foraging time in all treatment-by-year combinations (Fig. 
4.1). The proportion of foraging time spent browsing rather 


than grazing was greater in the drought year of 1981 than in 
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100 
90 (MM +980 
80 Ws 1981 


PROPORTION OF FORAGING TIME SPENT BROWSING, % 
f= 
Oo 


Light June Heavy June Light October Heavy October 
TREATMENT 


Figure 4.1 Proportion of foraging time spent browsing rather 


Chianmorazing in tour treatments duringmigs0: and 1981). 
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1980. Differences in the time spent grazing by cattle were 
noted among communities (Table 4.2). Shrubland and forest 
communities showed the lowest grazing frequency while the 
Carex wetland, silverberry phase grassland, and open 
grassland communities were essentially free of browsing 
activity. The time spent grazing in forest and shrubland 
communities was less in October than in June (Table 4.3). 
Grassland herbage was the major forage source and 
ranged from 62 to 92% of the cattle diet (Table 4.4). 
Important secondary diet components were forest and 
shrubland herbage, aspen, rose, western snowberry and 
saskatoon. Grassland herbage represented a greater portion 
opethe diet in’ 1980 thanvin 1981 (Table 475). Accordingly, 
forest and shrubland herbage use was less in 1980 and 
greater in 1981. A similar inverse relationship was observed 
for the effect of season. Grassland herbage in the diet was 
greater while forest and shrubland herbage was lower in 
October than in June. Other seasonal effects showed lower 
and higher diet proportions of aspen and western snowberry, 
respectively, in October. Diets in the two heavy grazing 
treatments had greater proportions of grassland herbage. 
Diet diversity was greater in June than in October 
(Table 4.6). The forest and Salix wetland communities showed 
greatest diet diversity with shrubland, forest edge and 
snowberry phase grassland communities intermediate (Table 
4.7). Lowest diversity was exhibited in Carex wetland, 


Silverberry phase and open grassland communities. Diet 
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Table 4.2 Proportion of foraging time (%) spent grazing 
rather than browsing in nine plant communities. 


Plant community Droporpioneot eeamesgrac india.) 
Shrubland 29 e 

Aspen forest 40 d 

Salix wetland 40 de 

Brushed fenceline aye) (6 

Snowberry phase grassland 84 ¢ 

Forest edge phase grassland 88 bc 

Silverberry phase grassland 100 a 

Open grassland 100 a 

Carex wetland 100 ab 


Means followed by the same letter are not significantly 
different (ps.05). 


Table 4.3 Effect of season of use on the proportion of 
foraging time (%) spent grazing rather than browsing in 
nine plant communities. 


Season 
Plant community June October 
Shrubland 38 * * 4 
Aspen forest 44 * * Zi 
Salix wetland 18 * x qs 
Brushed fenceline 67 ** Z5 
Snowberry phase grassland 83 ns 84 
Forest edge phase grassland Sg ns 86 
Silverberry phase grassland 100 ns 100 
Open grassland 100 ns 100 
Carex wetland 100 ns 100 


** Means are Significantly different (ps.05). 
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Table 4.4 Major forages in cattle diets (% of total bites). 


Treatment 
yolbighe heavy age heavy 
June June October October 
Forage source 1980 F1S8.8 1980 198m) 198091981 19801987 
Grassland 68 62 a, qe) 85 2 92 79 
herbage 
Shrubland or 1 12 6 11 2 6 na Z 
forest herbage 
Aspen 4 6 5 3 0 0 + os 
Rose 18 6 8 8 3 12 “ 4 
Western 0 0 + S 9 id. 7 AZ 
snowberry 
Saskatoon 2 i) 2 3 22 4 0 2 
Total herbaceous 74 74 83 82 87 EY 92 81 
forage 


Total browse 26 26 ie? 18 ie 23 8 19 
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Table 4.5 Effect of year, grazing intensity, and season 
Ohe une proportionssiof major forages sinwcattle diets av, )r. 


Year Intensity Season 
Forage source 1980 1981 light heavy June Cia. 
Grassland Ome Som 74 69 ** 77 TAT® ¥geoes 
herbage 
Shrubland or 5 *% 9 8 6 G9 *x* 7 
forest herbage 
Aspen 4 3 3 S 4 *x* “: 
Rose 8 # 1 6 =) 4 
Western 2 5 2 4 1 ** S) 
snowberry 
Saskatoon 2 4 4 2 3 1 
Total herbaceous 83 80 76 *x 84 80 85 
forage 
Total browse 7 20 24 : a io) 20 15 


** denotes Significant difference between means (ps<.05). 
* denotes significant difference between means (ps.10). 
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Table 4.6 Effect of year, grazing intensity and season of 
use on the number of forage sources selected during an 
observation. 


Year Intensity Season 
1980 1981 light heavy June Oct. 
number of forage ie SeNSet Or wMileG 4. 11SmlnOOmmenl oll © ft eZ. 6 


sources 


** denotes significant difference between means (p<.05). 


Table 4.7 The number of forage sources selected during an 
observation in nine plant communities. 


Plant community number of forage sources 


Carex wetland inovmde 
Open grassland Leo <e 
Silverberry phase grassland teits2e 
Snowberry phase grassland ity TAs) el 
Forest edge phase grassland iestety) (exe 
Shrubland Ze 
Brushed fenceline 2.46 be 
Salix wetland Ln teys) te 
Aspen forest 3. OG) a 


Means followed by the same letter are not significantly 
different (ps.05). 
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diversity was greater in the forest, forest edge phase 
grassland and snowberry phase grassland communities in June 
than in October (Table 4.8). There was a consistent trend of 
greater diet diversity in June than in October in five of 


the six other plant communities. 


4.4 Discussion 

Grazing was the major foraging activity of cattle but 
browsing was Significant in all treatments and in most plant 
communities at levels usually exceeding those documented in 
the literature. 

The summer-long drought of 1981 resulted in less 
foraging time spent grazing and more browsing than in 1980. 
Drought inhibited regrowth of grasses and forbs following 
Grazing an June. This had negative effects on availability 
of green herbage and the overall quality of herbaceous 
forage. The effect on quality was more important under light 
June grazing where forage availability and selectivity were 
relatively high. The ample grassland forage remaining after 
initial grazing was predominantly poor quality dead herbage. 
This dead herbage included carryover from previous growing 
seasons as well as standing drought-killed herbage from the 
current growing season. Thus, animals increased use of 
palatable browse and forest forbs. Conversely, the lack of 
regrowth under heavy June grazing caused animals to deplete 
dead herbage supplies as well as browse supplies. In this 


treatment, the increase in use of browse species was largely 
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Table 4.8 Effect of season of use on the number of forage 
Sources selected durningvan observation an nine plant 
communities. 


number of forage 
sources selected in: 


Plant community June October 


Carex wetland 1, 00Gens F200 
Open grassland leah AeeenS ae iOS 
Silverberry phase grassland (e227 anSaed 200 
Snowberry phase grassland Vecos **5 71.57 
Forest edge phase grassland iO Saeee F ar els 
Shrubland Zim) S loo 
Brushed fenceline 2.03 ean Sem 140 
Salix wetland 5.00) ns 1.00 
Aspen forest S200) Ft 2.50 


**x denotes Significant difference between means (p<.05). 


a function of declining food availability and selectivity 
(Emlen 1966; Menge 1972). The drought also resulted in lower 
Supplies of grassland forage in October. In addition, leaf 
abscission in browse species was delayed due to the late 
killing frost. Thus, an increase in browsing occurred in 
October, 1981, as cattle heavily utilized leafy browse and 
forbs in shrubland and forest communities. However, forest 
forbs were generally depleted or senesced by the middle of 
the second week of grazing (Fig. 3.5), while an abundance of 
western snowberry, rose and saskatoon leaves remained 
available in the shrubland until the final week of grazing 
(Fig. 3.6). Accordingly, use of these browse species was 


greater than in October, 1980. 
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Proportion of time spent grazing was greater in October 
than in June due to the lower availability of browse leaves 
as alternate forage. As documented in Chapter 3, cattle 
spent considerably more time in grassland communities in 
October than in June. Similarly, more time was spent grazing 
under a heavy intensity because cattle were forced back onto 
grasslands following shrubland and forest forage depletion. 
This rapid depletion of shrubland and forest forages was 
Paktiallys=due to theslow productivity and vigor of shrub 
layers after 8 years exposure to the heavy grazing 
treatments (Chapter 2). 

The most significant determinant of foraging activity 
was the plant community and its interaction with season. The 
Carex wetland, open grassland and silverberry phase 
grassland communities had essentially no palatable cattle 
browse. Cattle browsed aspen, rose, and western snowberry in 
the forest edge and snowberry phase grasslands in both June 
and October. The cattle preferred aspen and rose over 
western snowberry in June. The opposite was true in October 
because western snowberry was the only browse species to 
normally retain leaves and berries throughout October. 
Indeed, foraging activities in the brushed fenceline, 
Similar in composition but lacking the herbaceous 
productivity of these two grasslands, illustrate the use of 
western snowberry in autumn. This community exhibited 
browsing for 33 versus 79% of foraging time in June versus 


October, respectively. The Sa/ix wetland was mainly browsed 
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in June and grazed in October. This was due to the heifers' 
preference for Sa]ix leaves in June and their relative 
unavailability in October following abscission. The forest 
and shrubland communities showed the greatest changes in 
activities between seasons. Cattle spent considerable time 
grazing succulent forbs in June while in October these 
communities were predominantly browse sources; this due to 
the quick senescence of palatable forbs following the first 
killing frost of autumn. 

At the forage source level, the results confirmed the 
dominant foraging activities and community preferences 
discussed in Chapter 3. Herbaceous forages dominated cattle 
diets in both June and October, in agreement with major 
published works (Pearson 1976; Hansen et al. 1977; Miller et 
aval, IAS 9 Ashe Vavra et al. 19773) Reppert 1959: Bliss andetfravis 
1975). However, total browse as forage ranged from 7 to 26% 
of the diet in various treatments. This ranges from about 40 
to 400% higher than previously reported. 

With the exception of western snowberry, cattle used 
less browse (especially aspen) in autumn than in June. 
Western snowberry showed a dramatic increase in use in 
autumn because it retained leaves and palatable berries long 
after leaf abscission had occurred in other browse species. 
However, use of western snowberry under light October 
grazing in 1981 was less than the previous autumn because 
the prolonged growing season had delayed abscission of other 


browse species. This caused an increase in use of other 
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browse species, specifically rose and saskatoon, and 
abnormally available forest and shrubland forbs. Similar 
behavior occurred.in the heavy October treatment, but 
increases in use of forbs, rose and saskatoon were limited 
by the relatively low productivity of those strata in that 
treatment (as noted in Chapter 2). Accordingly, grassland 
herbage use was substantially less in October, 1981. This 
effect of year upon grassland and forest herbage use was 
apparent throughout 1981. The drought in June of 1981 
inhibited grassland regrowth and caused increased use of 
forest and shrubland herbage. Hilton and Bailey (1974) and 
FitzGerald (1982) observed greater use of sprayed and burned 
aspen forest, respectively, during extended periods of dry 
weather. In both studies it was suggested that quality 
factors; particularly moisture, played an important role in 
determining the shift in preference. This study's results 
Support those suggestions. In 1981, unlike the previous 
year, a rapid decline in moisture and crude protein content 
of grassland forages occurred during the second half of both 
June treatment grazing periods (Appendix E). These changes 
accompanied the shift towards increased shrubland and forest 
use. The differences in quality of herbage between grassland 
communities and forest or shrubland communities was also 
obvious (Appendix E). Furthermore, the quality of certain 
available browse species also favored use of closed 
communities under drought conditions. Greater use of 


grassland herbage under heavy grazing was due mainly to the 
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rapid depletion of forest and shrubland forage sources 
forcing animals to return to grasslands for forage. The low 
productivity of herb and low shrub strata under heavily 
grazed treatments contributed to the rapid depletion of 
forest and shrubland forages. 

Diet breadth or diversity was greater in June than in 
October. The greater availability of green and leafy browse 
Species in June was the main cause of this behavior. 
Similarly, the browse species composition of the forest 
community made it the most diverse in terms of diet 
composition. The largest decreases in diet diversity across 
seasons occurred in the forest and forest edge grassland 
communities. In the forest, senescence of forbs and 
abscission of browse species like aspen, dogwood, rose and 
saskatoon contributed to the large decrease in diversity. In 
the forest edge phase grassland, the main reason for the 
decrease in diet diversity in October was cattle avoidance 
of aspen suckers and other browse species on the forest 
fringe, excepting western snowberry. Similarly, diets for 
all other communities showed decreased diversity; largely 
associated with changes in browse species morphology. 

Grazing was the major foraging activity of cattle and 
was closely linked to domination of the diet by grassland 
herbage. However, the greater browse use by cattle in 1981 
under drought indicates that forage and community 
preferences are related to the quality, abundance and 


availability sole®variouss forage sources. 
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5. FORAGING RATES AND EFFICIENCIES 


Set) Introduction 

Forage and community preferences indicate that 
grasslands likely contain the most profitable sources of 
forage. The apparent differences in DM intake rates among 
forages and communities represent the effects of forage 
abundance, composition and structure upon animal response. 

Cattle are generally considered relatively 
non-selective ruminant herbivores due to their rate of food 
passage, rumen and mouth morphology (Rice et al. 1971; Ellis 
andmtraviss1975°eWidimsei978)@ Ellis and eTravis) (1975) 
classify them as non-selective bulk and roughage eaters that 
pack their large rumens with coarse fibrous foods during 
lengthy and intensive bouts of grazing. Nevertheless, they 
are known to prefer leaves and new growth (Arnold 1964; 
Chacon and Stobbs 1976). As the leafy component is removed 
from the sward, cattle are forced to take small bites in 
efforts to harvest remaining leaves. Cattle cannot fully 
compensate for reduced bite size and available herbage by 
increasing foraging rates and grazing time (Chacon and 
Stobbs 1976), unlike wapiti and other smaller ruminants 
(Hudson and Nietfeld 1984). Therefore, bite size and leaf 
yield are major factors determining intake rates for cattle. 
Indeed, their large incisor row width (Clutton-Brock and 
Harvey 1983), enables them to increase intake rates at 


biomass levels exceeding 3000 kg/ha (Chacon and Stobbs 
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1976). In comparison, caribou and wapiti are unable to 
increase intake rates at biomass levels greater than 1000 
and 2500 kg/ha, respectively (White et al. 1975; Hudson and 
Nietfeld 1984). 

The major objective of this part of the study was to 
determine differences in bite size, bite rate, and DM intake 
rate among major grassland and forest forages. These 
comparisons should indicate whether foraging behavior is 
largely dependent on food abundance and the relative 
profitability of intake amongst forages. At the same time, 
the measures will provide the data base necessary to 
formally test the relationship. They will also assist in 


interpretation of forage and community preferences. 


5.2 Methods 

Observations of individual heifers (Chapter 4) provided 
the measures needed to determine bite rates for the various 
communities, seasons, grazing intensities and years. The 
total number of bites taken in each individual observation 
was divided by the length of the observation (in minutes) to 
determine the bite rate. Overall bite rates were weighted 
for the length of observations and the average length of 
observations in respective communities, treatments and 
years. An analysis of variance was performed on bite rates 
and sample means tested for least significant differences 
according to Steel and Torrie's (1980) method for comparing 


unequally replicated means (Chapter 4). 
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In June, 1981, bite size estimates were collected by 
mimicking actual bites of heifers during the individual 
observations. Each bite estimate was hand picked to 
duplicate as closely as possible the amount and species 
composition ingested, then retained in a separate bag for 
weighing. Three randomly selected bites of not less than 
five animals were estimated for eight forage types on each 
of six days in both June treatments. These estimates were 
Obtained auringudays4s)..67 7m c0 peer | slandacceoretne 
four-week grazing period. This gave a minimum total of 45 
bite estimates per forage type for days 5-7 and 20-22, 
respectively, in each treatment. Forage types were defined 
as certain forage sources obtained from certain plant 
communities. The forage types sampled included aspen, rose, 
saskatoon, and herbage from the forest community, and 
herbage from the four grassland communities. An analysis of 
variance of bite size (g) across forage types, day of 
grazing period and grazing intensity was performed and 
sample means were tested for least significant differences 
according to Steel and Torrie (1980). Similar procedures 
were then applied to the estimated DM intake rate, the 
Product of bite size and bite rate. 

Measures of herbaceous biomass (kg/ha) for the major 
communities were obtained from 0.5 m? plots clipped before 
and after grazing periods (Appendix D). These plots were 
placed in the four grassland communities, the aspen forest 


and shrubland communities at ten randomly chosen points per 
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community in each treatment-by-year combination. Plots were 
harvested prior to and after grazing and biomass was 
separated into live and dead herbage in each of the ten clip 
points per community. Samples were placed in paper bags in 
the field, then dried at 64°C for 24 hours and weighed. In 
addition, combined samples made up of small portions from 
the ten live and dead samples were collected for each 
community and retained in a plastic bag in the field. 
Moisture was determined by weighing the sample prior to and 
after oven drying for 24 hours. Dried samples were then 
ground with a 10 cm diameter Wiley mill (1 mm screen size) 
and subjected to chemical composition analysis for acid 
detergent @iiber, phosphorus and nituogens(crudée protein) 
levels. The herbaceous biomass levels (kg/ha) determined for 
the communities were regressed with bite rates 
(bites/minute) and bite sizes (g/bite). The crude protein 
quality attribute (%) was tested for any additive effect to 
DM intake (g DM/minute) as the best indicator of foraging 
behavior by regressing crude protein intake (grams crude 
protein/minute) with the same attributes. 

Finally, plant communities were ranked according to the 
degree of barrier imposed by brush upon grazing animals 
(Table 5.1). Rankings were subjective assessments of the 
physical barrier to grazing based on % cover, shrub density, 
and growth habit. For example, western snowberry usually 
represented a greater impediment to grazing than silverberry 
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table “5.1 Wehvni Gion of rankings) for= the? barriversettect 
ere baushecone quazitigs 


Ranking Barrier Plant communities typified 
to grazing 


1 none Open grassland, Carex wetland. 

2 Pirght Salix wetland, Silverberry phase 
grassland, Forest edge grassland 
having Snowberry cover S$ 25%. 

3) moderate Snowberry phase grassland, Forest 
edge grassland having Snowberry 
cover 2 25%, Aspen forest. 

4 heavy Shrubland. 


density. These arbitrary rankings were used for 
nonparametric correlation with bite rates, bite sizes and DM 


intake rates. 


5.3 Results 

The bite rates of cattle varied significantly by year, 
grazing intensity and community. Interaction of community 
with grazing intensity was also a Significant source of 
variation. Bite rates were greater in 1981 and under heavy 
grazing treatments (Table 5.2). Wide variations in bite 
rates among communities were also noted. Bite rates were 
lowest in shrubland and forested communities and became 
progressively higher on more open communities, the highest 
rate occurring in the open grassland (Table 5.3). Greater 


bite rates were apparent under heavy grazing for all 
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Table 5.2 Effect of year, grazing intensity and season of 
use on the bite rates of cattle (bites/minute). 


Year Intensity Season 
1980 1981 light heavy June Oct. 
Bite rate 42 %**x 49 40 ** 47 44 ns 47 


(n/min.) 


** denotes significant difference between means (p<.05). 


Taple 5.3 Bite trates or cattle (bites/minute) ian nine 
plant communities. 


Plant community bitemrate: i n/mins) 
Salix wetland | 19e2e 
Shrubland TSS awer 

Aspen forest PRN ARE) ii 
Brushed fenceline 29). Ome 
Snowberry phase grassland Srila) Xe 

Carex wetland 42.3 bcde 
Forest edge phase grassland Capes} Hes 
Silverberry phase grassland 24D 

Open grassland 593 2aa 


Means followed by the same letter are not significantly 
different (ps.05). 
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grassland communities while forest and shrubland communities 
showed no differences in bite rates between grazing 
intensities (Table 5.4). In grassland communities, a 
Significant negative relationship of bite rate to total 
herbaceous biomass prior to grazing was apparent (Fig. 5.1). 
No consistent relationship was established in the forest and 
shrubland communities. 

Bite size varied significantly by forage type and 
grazing intensity in June, 1981. The interaction of the 
number of days of grazing (in the 28 day grazing period) and 
grazing intensity also had a significant effect on bite 
Size. Overall, bite size was greatest under light grazing 
(Table 5.5). However, this difference between treatments was 
apparent only on the second sampling date (Table 5.6). The 
difference was due to the apparent unlimiting supply of 
available forage on the grasslands of the light June 
treatment, as evidenced by the positive relation of bite 
Size with days of grazing for that treatment (Table 5.7). In 
contrast, the grassland under heavy grazing showed a 
negative but insignificant relationship of bite size with 
days of grazing. Both forest communities exhibited a 
decreasing bite size also, significant under light grazing 
and indicative of some degree of forage depletion. 

Bite sizes were, on average, higher for grassland 
forages than for forest forages (Table 5.8). However, 
differences in bite size amongst individual forages were 


less dramatic than for bite rates. Bite sizes for rose, 
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Table 5.4 Effect of grazing intensity on the bite rates of 
cattle (bites/minute) in nine plant communities. 


Intensity 
Plant community Dighie heavy 
Salix wetland 19 ns 28 
Shrubland 20 ns ie 
Aspen forest 23 ns on 
Brushed fenceline 24 ns Bal 
Snowberry phase grassland a2 * 40 
Carex wetland 42 ns 42 
Forest edge phase grassland 40 * 44 
Silverberry phase grassland 48 ** 54 
Open grassland 54 * x 62 


Poenicanc ware isignurrcantlymallterentm p=.05). 


* means are significantly different (ps<.10). 
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BITE RATE, bltes/minute 


Legend 


Regression—Grassiand 
X Raw date—Grassland 


O Raw data—Forest and Shrubland 


n) 500 1000 1500 2000 2500 3000 3500 
TOTAL HERBACEOUS BIOMASS, kg/ha 


Figure 5.1 Regression of bite rates with total herbaceous 
biomass prior to grazing for grasslands, forests and 
Shrublands in all treatments and both years (Regression 
equations Lon drasslands, Y=>. 00/7 X2 6ihisvatmps 02) sRe=.io 


[Oustorest mand shrublands not Sslaniticantueat os. 05). 
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Table 5.5 Effect of grazing intensity and number of days 
of grazing (during a 28-day grazing period) on bite size 
(g DM/bite). 


Intensity Day of grazing 
light heavy 6th Z15¢ 
bite size Ono Jess, 0-69 0), Svan Sas Or oe 


(g DM/bite) 
** denotes significant difference between means (ps.05). 


Table 5.6 Effect of day of grazing on bite size (g DM/bite) 
under light and heavy June grazing, 1981. 


Treatment and day of estimates 


light June heavy June light June heavy June 
6th day 6th day 21st day 2iGiteeecial y 


bite size 0.81 b Osh 1s) ila 0.58 b 
(g DM/bite) 


Means followed by the same letter are not significantly 
different (ps.05). 
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Table. 5s) SEitect®ofl number of daysvof «grazing on bite size 
in forest and grassland communities under light and heavy 
June grazing, 1981, as expressed by the simple correlation 
coefficient (r) and its significance level (p). 


Correlating bite size 


with day of grazing for: forest grassland 
r p E p 

light June grazing = 60 ~057 ae) | .007 
heavy June grazing aoe) ns +245 ns 


nS=not Signiticantrat p=. 10. 


Table 5.8 Effect of forage type on bite size (g DM/bite). 


Forage type (plant community) bite weight (g DM) 


Herbage (forest) 

Rose (forest) 

Saskatoon (forest) 

Herbage (Snowberry phase grassland) 


—--—- O00000 
° ° ° ° ° e e e 
(0.0) 
WwW 
ie) 
Oo 
12) 


Aspen (forest) 85 abc 
Herbage (Forest edge phase grassland) 89 ab 
Herbage (Silverberry phase grassland) O3mab 
Herbage (Open grassland) 22 a 
Mean of the four forest forages ONS "5 
Mean of the four grassland forages On99Na 


Means followed by the same letter are not significantly 
different (ps.05)* 
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Saskatoon and aspen in the forest and the forage in the 
three shrubby phase grassland communities were not 
Significantly different. The only two extremes in bite size 
were the herbage in the forest and open grassland 
communities. The former had a smaller bite size than three 
grassland forages while the latter had a bite size greater 
than three forest forages. However, by day 21 of the grazing 
period, bite sizes of all forest forage types were 
Significantly lower than any of the grassland forages in 
both treatments. Thus, forest forage depletion from Day 6 to 
Day 21 wasS apparent under both grazing intensities. 

The interaction of grazing intensity and forage type 
showed that bites of forest edge and open grassland forages 
were smaller under heavy grazing; indicative of repeated 
grassland use following forest and shrubland depletion in 
that treatment. 

Bite size showed no relationship with total herbaceous 
biomass levels in the forest community but there was a 
positive relationship in grassland communities (Fig. 5.2). 
In grasslands, bite rates were lower and bite sizes greater 
in areas with higher herbaceous biomass. 

The DM intake rate was the product of bite rate and 
bite size. It represented a measure of the foraging 
efficiency of cattle. The foraging efficiency of cattle 
VARLeGmStaoniticantly among, tolages types. Forest forages shad 
the lowest foraging efficiencies while forages from shrubby 


phase grasslands were intermediate (Table 5.9). Dry matter 
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Figure 5.2 Regression of bite size with total herbaceous 
biomass prior to grazing, June, 1981 (Regression equations: 
On grasslands Y=.0004xK+.29 at ps.0l7 R4=.30° for forests 
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Table 5.9 Foraging efficiency (g DM Intake/minute) of 
various forages in June, 1981. 


Forage type (plant community) g DM Intake/minute 
Rose (forest) iileecenc 
Saskatoon (forest) (2290 
Herbage (forest) 1a) 2c 
Aspen (forest) i4eeac 
Herbage (Snowberry phase grassland) ELS lele 
Herbage (Forest edge phase grassland) S62 98 be 
Herbage (Silverberry phase grassland) Sela ch tile 
Herbage (Open grassland) dae lea 
Mean of the four forest forages 132. Bb 
Mean of the four grassland forages Di Dia 


Means followed by the same letter are not significantly 
aGrtrerent: (p=.05)" 
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intake was highest in the open grassland, five times more 
than the greatest intake rate for a forest forage. Intake 
waS poSitively related to bite rates and bite sizes in 
grassland and forest, forest forages being associated with 
the lowest intake rates (Figs. 5.3, 5.4). Dry matter intake 
showed no significant relationships with total herbaceous 
biomass levels for forest or grassland forage types over the 
whole grazing period (Fig. 5.5). However, a positive 
relationship between foraging efficiency and herbaceous 
biomass wasS apparent in grassland at the second sampling 
date. By that date, herbaceous biomass levels in all 
grassland communities had been depleted to less than 1500 
kg/ha under heavy grazing. Accordingly, foraging efficiency 
was also lower in that treatment, indicating the importance 
of bite size in determining intake rates. The multiplication 
of a forage quality factor (crude protein) with DM intake 
rates produced measures of quality intake rates for cattle 
(g of crude protein/minute). However, they did not improve 
clarity of the relationships noted above. 

Finally, the barrier effect of brush showed a 
consistent negative effect upon bite rates, bite sizes and 
foraging efficiency over all communities and amongst 
grasslands alone (Table 5.10). 

To summarize, cattle exhibited higher bite rates, bite 
Sizes and foraging efficiencies in more open grassland 
communities. Forest forages were more quickly depleted than 


grassland forages. Crude protein, a quality indicator, 
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Figure 5.3 Regression of foraging efficiency (DM intake 


rate) with bite rates, June, 1981 
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Figure 5.4 Regression of foraging efficiency (DM intake 
rate) with bite size, June, 1981 (Regression equations: for 
G@rasclands Y=50.264-c0.45 at) ps.00,.R-—-.81; for “forests 


Va (4°54xk74.87 at ps.03, R?=.24). 
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Figure 5.5 Regression of foraging efficiency (DM intake 
rate) with total herbaceous biomass during June, 1981 
(Regression equations: for grasslands on day 6 not 
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TabilesS. l0®)Barriersettect’ of ‘brush on bite rate, bite 

size and foraging efficiency (DM intake rate) in June, 1981, 
as expressed by the Spearman's correlation coefficient (r) 
and significance level (p). 


Correlating the 


barrier effect with: bite rate bite size DM intake 

i p r p r p 
for all forage types =O. 00.0 Seqisxel 50") ee 8 ae Oi) 
for grassland forage Sy OS OO =.45 .040 ar Os ame Oe 
types only 


showed no additional predictive effect to DM intake as the 


measure of foraging efficiency for cattle. 


5.4 Discussion 

Yearly effects upon the foraging rates of cattle were 
observed. These yearly differences were largely due to the 
pronounced drought in 1981 that affected forage 
availability. Unlike 1980, the drought inhibited grassland 
herbaceous regrowth after the first grazing by cattle in 
June, 1981. Cattle responded by increasing their bite rates 
in attempts to increase intake (Chacon and Stobbs 1976). 
This decreased selectivity under situations of lowered food 
density or availability has been confirmed in other studies 
(Emlen 1966; Menge 1972). These observations are further 
qualified by the effect of intensity whereby bite rates were 


greater under heavy grazing. The cattle exhibited a foraging 
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Strategy based on maximizing intake. Conversely, cattle 
under light grazing were more selective amongst numerous 
abundant food types and utilized palatable forbs and browse 
species longer without depletion. This supports work by 
Ellis et al. (1976) who stated that "when the choice of 
available foods is limited by food availability, preferences 
play a less important role in determining diet composition". 
Furthermore, grasslands in the light grazing intensity 
treatments often contained large amounts of litter that 
inhibited selection of palatable herbaceous species. 
Finally, the simple effect of forage abundance upon bite 
Size could be expected to result in lower bite rates under 
light grazing treatments (Chacon and Stobbs 1976). Thus, 
bite rates in grassland communities were negatively 
correlated to total herbaceous biomass levels joleskene 48ve 
Grazing. However, these differences in bite rates with 
respect to grazing intensity were restricted to grassland 
communities only. Forest and shrubland bite rates were 
consistently low for both intensities and showed no 
relationship to total herbaceous biomass, in part a function 
of the limited range in herbaceous biomass levels among the 
forests of respective Beeemene on It was also likely due to 
the highly selective response to the diverse diet available 
as well as the absence of litter as an effect on selection 
in the forest. Furthermore, animals were unable to harvest 
browse and forb species as quickly as herbaceous material in 


grasslands due to differences in species morphology and the 
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Spatial proximity of plants. 

The open grassland community exhibited the highest bite 
rate. Bite rates in grassland communities were similar to 
those determined by Chacon and Stobbs (1976) on tame 
pasture. However, rates in that study were based on a 24 
hour period while in this study they were determined during 
major feeding periods. Therefore, foraging rates in this 
study were likely lower when averaged over a 24 hour period. 
Such a method would have accounted for periods of less 
intensive grazing (Dwyer 1961). A strong negative 
relationship of bite rate with the woody stem barrier to 
Grazing was established amongst the grassland communities. 
This supports research by Bailey (1970) who observed the 
barrier effect of silverberry upon grazing. Silverberry and 
aspen growth habits were notably less inhibitive to grazing 
than rose, saskatoon or western snowberry. Bite rates in the 
shrubby phase grasslands indicated as much. The snowberry 
phase grassland, which contained the highest cover of 
western snowberry and rose, had the lowest bite rate. The 
forest edge phase grassland, having aspen and some western 
snowberry as the dominant shrubs, had an intermediate bite 
rate. Finally, the silverberry phase grassland, having only 
silverberry as the dominant shrub, exhibited the highest 
bite rate of the three communities. The barrier effect of 
woody stems contributed to litter build-up as well (Bailey 
1970), which in turn had additional negative effects upon 


bite rates in shrubby phase grasslands, especially under 
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PLOnEEOragi ng. 

Bite rates within communities were generally not 
different between seasons. An exception was the forest edge 
grassland which showed greater bite rates in October. This 
was likely due to the relatively greater grazing pressure in 
grasslands associated with the non-use of forest in October 
(Chapter 3) and the lower use of aspen suckers as forage. 

Bite sizes of cattle in this study ranged from about 
De25eton2. O20/ bite. Thiseisesignificantivamore than 
estimates by Chacon and Stobbs (1976) ranging from 0.07 to 
0.35 g/bite on tame pasture in Australia. Hudson and 
Nietfeld (1984) found bite sizes for wapiti ranged from 0.11 
to 0.36 g/bite in grass openings of an aSpen-boreal forest. 
The similarity of that habitat to the study area and the 
documented difference in mouth size between wapiti and 
cattle indicates the bite size estimates in this study were 
reasonably realistic. 

Over the complete grazing period of June, 1981, bite 
sizes were larger under light grazing. However, this 
difference was not apparent at day 6 of the grazing period. 
Cattle were selecting palatable herbaceous species and green 
grass at this time. This preference for live and leafy 
biomass has been confirmed by Chacon and Stobbs (1976) and 
others. Then, by day 21, bite size increased under light 
grazing. This happened because grassland regrowth on locally 
overgrazed areas had been inhibited by drought thereby 


forcing cattle to utilize less palatable herbage in areas 
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containing considerable amounts of herbaceous litter. Unlike 
grassland forages, bite sizes for forest forages actually 
decreased) from@dayG Corday 21 under light grazing. in 
essence then, forest forages were largely depleted by Day 21 
relative to the grasslands. On the basis of herbaceous 
biomass levels within the forest, depletion could be 
expected in spite of the light grazing intensity. However, 
use of the forest forages was not due to severe limitations 
on grassland forage availability since similar levels of 
browse use were observed in June, 1980 (Chapter 4). Under 
the heavy grazing intensity, bite sizes in both forest and 
grassland forages decreased (insignificantly) from day 6 to 
day 21. Due to the lack of grassland regrowth under drought, 
cattle used the forest and shrublands heavily as emergency 
sources of forage. Thus, both grasslands and forest were 
largely depleted of forage supplies by the end of the 
Grazing period, selectivity was almost nil and use was 
governed predominantly by availability (Chapter 3). 

As with bite rates, bite sizes were greatest in the 
open grassland community where the impediment to grazing by 
brush was minimal. Woody stems, particularly western 
Snowberry, impeded bite selection in the forest edge and 
Snowberry phase grasslands. 

Foraging efficiency estimates averaged 52 g/minute in 
grassland communities in this study. That exceeds previously 
documented maximum intake rates of 18 g/minute for both 


cattle (Chacon and Stobbs 1976) and wapiti (Hudson and 
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Nietfeld 1984). The estimates from this study may be overly 
large in that foraging rates and bite sizes were determined 
during major feeding periods when maxima are most likely 
attained (Dwyer 1961). Nevertheless, based on their larger 
mouth size and ability to increase intake rates at higher 
biomass levels than wapiti, larger estimates than 18 
g/minute could be expected for cattle. Indeed, larger 
estimates than 18 g/minute are especially likely when 
considering that the estimates from this study and the 
wapiti estimates (Hudson and Nietfeld 1984) were obtained in 
very Similar habitat types. 

Foraging efficiency, dependent on bite rates and sizes, 
was more profitable in grassland communities than in forest 
or shrublands. In the forest, low productivity and irregular 
Spatial proximity of morphologically variable forage species 
contributed to low bite rates and sizes. Conversely, in the 
grasslands, foods had relatively uniform growth habits, were 
Spatially close, densely populated and easily accessible 
with a minimal barrier effect by shrubs. Accordingly, 
amongst the grassland communities, the open grassland had 
the highest bite rates, bite sizes and DM intake rates. 
Differences in foraging efficiency due to grazing intensity 
were not apparent in grassland communities at day 6 of the 
grazing period. However, by day 21, herbaceous biomass 
depletion of grasslands under heavy grazing caused lower 
foraging efficiencies than under light grazing. This concurs 


with Chacon and Stobbs (1976) who noted a close relationship 
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of foraging efficiency with bite size and leaf availability. 
The foraging efficiency of cattle appears to be a major 
determinant of their foraging behavior. Therefore, a formal 
test of this relationship is desirable. However, direct 
effects of specific qualitative and quantitative attributes 


of forages upon animal response must also be considered. 
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6. DETERMINANTS OF RESOURCE USE BEHAVIOUR 


6.1 Introduction 

Grasslands are generally preferred by cattle over than 
shrubland or forest communities. Furthermore, higher bite 
rates, bite sizes and foraging efficiencies were exhibited 
in grassland communities. This implies that cattle favor 
plant. communities where there is a high relative efficiency 
of forage intake. The alternative hypothesis is that cattle 
respond to specific forage attributes like moisture and 
chemical composition. Formal tests of these hypotheses are 
needed. 

Many studies have been conducted regarding the 
determinants of cattle response. Most have focused on the 
direct effects of specific forage quality components on 
forage preference (Table 6.1). However, while many workers 
have found significant positive or negative relationships, 
the reports are often conflicting. This may be due to the 
confounding effects of environmental or animal variables, 
forage palatability and availability (Heady 1964; Ellis et 
al. 1976; Willms 1978). Work by Emlen (1966,1968) and others 
has demonstrated that consumers may select less preferred or 
lower quality foods when those foods are more available than 
preferred foods. Conversely, consumers will become more 
selective when food density or availability is high (Emlen 
1966; Rapport 1971; Menge 1972). Palatability has been noted 


as an important determinant of forage preference (Heady 
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Table 6.1 


to forage preference. 


Relationship of selected quality attributes 


ALEEIDUEe 


Relationship References 


Protein or 
Nitrogen 


Crude fiber, 
ADF or cell 
walls 


Ether 
AxiIceGic Cig 
Pat 


Minerals or 
total ash 


Cellulose 
Carotene 
Vitamins 
Organic 
acids 


% Moisture 


Digest iol — 
ity 


None 


Positive 


None 


Negative 


Positive 


None 


Positive 


None 
Negative 


None 
Positive 
None 
Positive 


Positive 


Positive 


Archibald et al. 1943; Reid and 
JungelSe5s) Reidget tal. 1966; 
Reid et al. 1967; O'Donovan et 
al. 1967; Buckner et al. 1969. 
Hardison et al. 1954; Cook 1959: 
Blaser et al. 1960; Burton et 
al. 1964; Gangstad 1964; Heady 
1964: Fontenot and Blaser 1965. 


Leigh 1961; Reid et al. 
S67. 

Archibald et al. 1943; Hardison 
et als 1954°" Buckner 1955 
Blaser et al. 1960; Gangstad 
1964; Arnold 1964; Heady 1964; 
Fontenot and Blaser 1965. 


1966 and 


Hardison et al. 1954; Blaser et 
al. 1960; Gangstad 1964; 

Fontenot and Blaser 1965; Louw et 
ale 19677 


Marten and Donker 1964; Reid and 
JUNG 6o. 

Beaumont et al. 1933; Hardison et 
al. 9546" lvins 1955") Cock. 1959 
Cowlishaw and Alder 1960; Leigh 
1961; Gangstad 1964. 


Brown 1961. 
Cook 1959. 


Buckner 1955. 
Archibald et al. 1943. 
Hardison et al. 1954; Reid and 
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Allen and Porter 1954; Jones and 
Barnes 1967. 


Hilton ands Baadeve 19y 2; 
Gesshe and Walton 1981. 


Beaty and Engel 1980; 
Gesshe and Walton 1981. 
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Sugars Positive Bland and Dent 1964; Gangstad 
1964: Marten and Donker 1964; 
Reid et al. 1966; Reid et al. 
1967; Hironaka and Bailey 1968. 


Tannins Negative Wilkins et al. 1953; Donnelly 
; LOS4" Burns 19Gb. 

Coumarins Negative Ashton and Jones 1959. 
Isoflavones None Anpnoldvand Had iy1972. 
Alkaloids Negative Gordon and Henderson 1951; 


Roe and Mottershead 1962; 

Yates and Tookey 1965; 

Bush et al. 1970; Gladstones 1970; 
Kennedy and Holgate 1971. 


19645 Arnoldvand Hill 1972+ Zahorik andsHoupt: 1977). Chacon 
and Stobbs (1976) noted the availability or yield of leaves 
and the leaf to stem ratio as major factors determining 
forage preference. Animal factors such as individual animal 
variation, previous experiences and physiological condition 
are known to have effects on forage preferences (Arnold and 
Hippie 1972 *azahorik and Houpt1977° Bllisiet jal w1976) ; 
Environmental variables such as climate, soil, and 
topography are also recognized as important factors (Heady 
1964: Arnold and Hill 1972; Willms 1978). Less direct 
determinants have also been noted. The dead components of 
available DM may influence preference indirectly by 
affecting digestibility and palatability (Beaty and Engel 
1980). Woody shrubs may influence preference by creating a 
physical barrier against selection of available forage 


(Bailey 1970). 
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Recognition of this multitude of determinants provides 
the basis for the integrated response hypothesis. That is, 
cattle may have the ability to assess changes in numerous 
environmental and food variables and adjust their foraging 
Strategy accordingly MBillis et: ales 1976). The: objective: of 
this chapter is to relate observed community preferences and 
diet proportions of forages to foraging efficiency and to 
Specific attributes representing community and forage 


productivity, availability, quality and structure. 


6.2 Methods 

Preference indices for plant communities determined 
from group observations (Chapter 3) were correlated with 
specific community attributes for various treatments and 
years. Measurements of the community attributes were 
obtained from the herbage biomass clip plots described in 
Chapter 5. Dry matter weights of live and dead herbage were 
measured before and after grazing periods in the six major 
communities (Appendix D). In addition, one combined sample 
of live herbage from the ten randomly located clip plots 
within each community by treatment cell was collected before 
andbatter grazing torechemicalsanalyses.) The) herbagey was 
analyzed for DM, acid detergent fiber, phosphorus, nitrogen 
and crude protein (Appendix E). The above attributes were 
then correlated with community preference indices for the 
first and second halves of grazing periods to obtain Pearson 


correlation coefficients and significance levels. These 
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coefficients were averaged to obtain a mean coefficient for 
the entire grazing period. One additional plant community 
attribute was measured. The barrier effect of brush, as 
defined in Chapter 5, was nonparametrically correlated with 
the rank order of community preference indices to obtain 
Spearman's correlation coefficients. 

Diet proportions of eight forage sources, as determined 
from individual observations of foraging cattle (Chapter 4), 
were correlated with specific attributes of forages. Forage 
sources measured for attributes included five herbaceous 
forages and three browse species (Chapter 5). Attributes 
used for these correlations were the same as those used for 
the community correlations described above. However, these 
correlations only used attributes measured prior to grazing. 
Measures of attributes for herbaceous forages were derived 
from the herbaceous biomass clip plots described in Chapter 
5 (Appendices D and E). Measures of biomass were not 
obtained for the three browse species. However, chemical 
analyses were performed on samples of leaves and current 
annual growth clipped according to the same sampling methods 
used for herbaceous forages (Appendix F). Samples for the 
October grazing treatments were collected prior to leat 
abscission. Then, diet proportions of the eight forage 
sources were correlated with the corresponding attribute 
measures obtained in various treatments and years. 

Pinally,ediet proporcions of thesame erght forage 
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proteinyintake tratesid( Chapter’5) “tortdune ) 198 te Asin 
Chapter 5, crude protein intake provided no additional 
clarity to any relationships. Thus, DM intake was assumed to 
be the best measure to relate to animal response. 

Community preferences during June, 1981, were then 
related to animal response at the forage source level. 
Community preference indices (proportion of time spent 
foraging/proportion of total area available) determined in 
Chapter 3 were regressed with preference indices for major 
forage sources (proportion of total bites/proportion of 
total area available) found in each community. The indices 
were determined for the first and second halves of the 
grazing period. Each grassland community had one major 
forage source (herbage) while the forest community had four 
(aspen, rose, saskatoon and herbage). The use of indices 
adjusted for the effects of area on community uSe and diet 
proportions of forages. This clarified the relationship and 
allowed an indirect relation of community preference to 


foraging efficiency. 


6.3 Results 

No consistent relationship was established with any 
specific community or forage attribute but cattle 
preferences were, in general, positively correlated with 
communities containing lower quality forages and higher 
biomass levels. However, preference for forest and shrubland 


forages was sometimes apparent. Cattle diets were highly 
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dependent on foraging efficiencies among forages and 


communities. 


6.3.1 Light June Grazing 

Plant communities with greater herbaceous biomass and 
lower quality herbage were preferred in 1980 (Table 6.2). In 
1981, no community preferences were apparent from these 
correlations. Forage sources with attributes typical of 
grassland herbage were positively correlated with diet 
proportions in both years (Table 6.3). The discrepancy 
between the correlations for community preferences and diet 
proportions of forages in 1981 was likely due to differences 
between the group and individual observations. Diet 
proportions of forage sources were determined from the 
number of bites of individuals (Chapter 4) while community 
preferences were determined from the relative time spent 
foraging by groups of cattle (Chapter 3). Thus, when cattle 
exhibited higher bite rates utilizing grassland forages, the 
resultant diet proportions were also weighted for that 
effect. A notable difference in preference for live and dead 
components of forage sources was also apparent (Table 6.3). 
Cattle disliked dead herbage in spite of their general 
preference for communities containing low quality herbaceous 
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Table 6.2 Relationship of various community attributes to 
cattle preference indices for six plant communities under 
light June grazing, as expressed by the simple correlation 
coefficient (r) and significance level (p). 


1980 1981 
Community attribute r p E p 
Live herbage biomass anshe) 2029 oon ns 
Dead herbage biomass =o -009 =e S ns 
Total herbaceous biomass eit .014 tO ns 
%* Dry matter of 64 +089 SEAS ns 
live herbage 
% Acid detergent fiber a2 .057 50 ns 
of live herbage 
% Phosphorus ate, 1). .060 Sas ns 
of live herbage 
% Crude Protein 458 ns ala ns 
of live herbage 
Barrier effect oe ns 05 ns 
of brusht 


NSenou signitagant at ps. 10. 
+ Correlation coefficients are Spearman's r values. 
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Table 6.3 Relationship of various forage attributes to 
diet proportions of eight forage sources under light June 
grazing, as expressed by the simple correlation 
coefficient (r) and significance level (p). 


1980 1981 

Forage attribute 13 p ig p 
Live biomass SoZ -023 .68 Soy) 
Dead biomass Phe). ns ~ 19 ns 
Total biomass 74 .048 abo ns 
% Ory matter of A toys) 036 66 09 
live biomass 

% Acid detergent fiber oie 041 49 ital 
of live biomass 

% Phosphorus of =. 47, 087 = oom .068 
live biomass 

% Crude Protein =. 54 2052 =e -009 


of live biomass 


MS-notestgnitveant at ps. 10% 


6.3.2 Heavy June Grazing 

Diet proportions of forages were positively correlated 
with some attributes of grassland forages in both years, 
consistent with the light June treatment results (Table 
6.4). Correlations of community preferences with attributes 
also showed similar results to those under light June 
grazing. Cattle preferred communities with lower quality, 
high biomass herbage in 1980 while no preferences were 
apparent in 1981 (Table 6.5). However, differences in 
response to communities were observed within the grazing 


period under heavy grazing (Table 6.6). In 1981, animals 
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Table 6.4 Relationship of various forage attributes to 
diet proportions of eight forage sources under heavy June 
grazing, as expressed by the simple correlation 
coefficient (r) and significance level (p). 


1980 1981 

Forage attribute ig p r p 
Live biomass 56 ns .69 -066 
Dead biomass e203 ns oo ns 
Total biomass 43 ns 64 -084 
% Dry matter of - 40 ns ais) 003 
live biomass 

% Acid detergent fiber .69 ORs aos ri)sh 
of live biomass 

% Phosphorus of el OZ) = ish) -000 
live biomass 

% Crude Protein onl -068 VOR JOU 


of live biomass 
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Table 6.5 Relationship of various community attributes to 
cattle preference indices for six plant communities under 
heavy June grazing, aS expressed by the simple correlation 
coefficient (r) and significance level (p). 


1980 1981 
Community attribute ie p ig p 
Live herbage biomass ahs) 046 = 4 ns 
Dead herbage biomass 54 ns 43 ns 
Total herbaceous biomass 0 064 ~05 ns 
beDry matter of Ay ns = 42 ns 
live herbage 
% Acid detergent fiber gee) ns -46 ns 
of live herbage 
% Phosphorus we hs) .049 =a ns 
of live herbage 
% Crude Protein sD SUSIE 126 ns 
of live herbage 
Barrier effect =.03 .094 ey ns 
Of brush; 


MSanotastoniticant at ps.) 0% 
+ Correlation coefficients are Spearman's r values. 
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Table 6.6 Relationship of live and dead herbage biomass to 
cattle preference indices for six plant communities in 

the first and second halves of the heavy June grazing 
period, as expressed by the simple correlation coefficient 
(r) and significance level (p). 


Ist half 2nd half 
1980 1981 1980 198) 
Attribute ig p is p G p r p 
Live herbage Sie 2038 -O/eans pi 2a. 0541 02.35. 00S 
biomass 
Dead herbage 2OSn.0S - oe OC UG 755 ons =,06 ns 
biomass 


NSanOestgnitiicantmatep=.110. 


preferred communities with high levels of dead herbage 
during the first half of the grazing period. Then, during 
the second half of grazing, animals showed no preferences 
for live or dead herbage levels among communities. The 
drought during that month forced cattle to use live and dead 
herbage supplies in grasslands during the first half of the 
grazing period. Then, with no live herbage regrowth or 
remaining supplies of dead herbage, animals exhibited 

Pooe ewes ay aey among communities during the second half of 
thenguazinge period. This, wassreflectedian thescorrelations 
of community preferences with attributes in 1981 (Table 
6.5). Conversely, animals preferred communities with high 
levels of live herbage and low levels of dead herbage 


throughout 1980. Obviously, the above average rainfall of 
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that month allowed animals to utilize live herbage regrowth 


instead of dead herbage supplies. 


6.3.3 Light October Grazing 

No significant correlation of an attribute with 
community preference was apparent in 1980 or 1981 (Table 
6.7). A trend indicating preference for communities with 
poorer quality herbage was apparent in both years. In 1981 a 
trend indicating preference for communities with low 
herbaceous biomass levels occurred. This was due to the late 
killing frost which resulted in abnormally high use of 
forest and shrubland communities. The diet was comprised of 
forages with relatively high levels of % DM in both years 
(Table 6.8). This supported the trend of preference for 
communities with low quality forages. However, no 
relationships were established with biomass levels of 
herbaceous forages. This indicates that while forage 
preference was based largely on dry matter intake, forage 
sources with the highest levels of biomass were not 
necessarily preferred. This relates to the large dead 
component of herbaceous forage sources in this treatment. 
There was a definite trend for preference of communities 
with high levels of live herbage but that effect was 


confounded with the variation in levels of dead herbage. 
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Table 6.7 Relationship of various community attributes to 
cattle preference indices for six plant communities under 
light October grazing, as expressed by the simple 
correlation coefficient (r) and significance level (p). 


1980 1SSH 
Community attribute 16 p 5 p 
Live herbage biomass 52 ns = ae ns 
Dead herbage biomass 7 Oi2 ns ae el) ns 
Total herbaceous biomass 51s) ns -.40 ns 
% Dry matter of o.0 ns O07 ns 
live herbage 
% Acid detergent fiber = oS ns SS ns 
of live herbage 
% Phosphorus Ses) ns 2.52 ns 
of live herbage 
% Crude Protein =o ns Says ns 
of live herbage 
Barrier effect =55 ns 20/3 ns 
ObaD BUSI, 


NnSs-notursignitiganteat ps, 10. 
+ Correlation coefficients are Spearman's r values. 
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Table 6.8 Relationship of various forage attributes to 
diet proportions of eight forage sources under light 
October grazing, as expressed by the simple correlation 
eoetficient (r) and Significance level “(p). 


1980 1981 
Forage attribute r p r p 
Live biomass 41 ns SoZ ns 
Dead biomass eM ns onde? ns 
Total biomass 23 ns ~42 ns 
% Dry matter 49 LOW AE 63 GPA) 
% Acid detergent fiber ole ns 20 ns 
% Phosphorus © ns = ns 
% Crude Protein wies0 ns 0 CA ns 


fssnomeslgnatricantlat. ps0. 


6.3.4 Heavy October Grazing 

In 1980, community preference was positively correlated 
with many attributes of grassland communities (Table 6.9). 
Similar but fewer significant correlations were observed in 
1981. Cattle preferred communities with high levels of live 
herbage in both years. However, differences in response to 
communities were apparent within the grazing periods of 1980 
and 1981 (Table 6.10). In 1980, an above average year for 
rainfall, cattle showed preference for communities with high 
levels of live herbage throughout the grazing period. In 


1981, cattle preferred communities with high levels of live 
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Table 6.9 Relationship of various community attributes to 
cattle preference indices for six plant communities under 
heavy October grazing, as expressed by the simple 
correlation coefficient (r) and significance level (p). 


1980 1981 
Community attribute 6 p ig p 
Live herbage biomass RAS: 7050 - 66 GOs) 
Dead herbage biomass 041 ns sls) ns 
Total herbaceous biomass sae) ns on ns 
Mery wmabier of Aa BS) .034 5 his} =056 
live herbage 
% Acid detergent fiber al G .042 54 ns 
of live herbage 
% Phosphorus -.84 ~O19 ao 50) ns 
of live herbage 
% Crude Protein 14 ns S34 ns 
of live herbage 
Barrier effect = OO OM 60 ns 
of brusht 


AS-notwsitonificant) at ps.10. 
+ Correlation coefficients are Spearman's r values. 
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Table 6.10 Relationship of live and dead herbage biomass to 
cattle preference “indices for six plant ‘communities in 

the first and second halves of the heavy October grazing 
period, as expressed by the simple correlation coefficient 
(r) and significance level (p). 


Ist half 2nd halt 
1980 1981 1980 1981 
Attribute g p r p r p r p 
Live herbage EIT en WKS 76.55 .006 ~69) 2065 -f7 ns 
biomass 
Dead herbage 7 OU. ans o9e ©. 0)3al wo ens Gee ns 
biomass 


nS=not Significant vat p= 710% 


and dead herbage during the first half of the grazing 
period. During the second half of grazing, no preferences 
were apparent. Correlation of diet proportions of forages 
with attributes indicated that grassland forages were the 
main dietary components for cattle (Table 6.11). In 1980, 
forages with low amounts of phosphorus were preferred. A 
trend indicating higher diet proportions of forages with 
higher herbaceous biomass levels was also observed. In 1981, 
biomass levels and % DM of forages were the most important 
attributes affecting forage use. These results support the 
aforementioned severe depletion of herbaceous biomass in 
October, 1981. Diet selection could be expected to be highly 
dependent on DM intake rates and biomass under those 
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Table 6.11 Relationship of various forage attributes to 
diet proportions of eight forage sources under heavy 
October grazing, as expressed by the simple correlation 
Ccerlrcrent ir) andscugniticance evel —(p). 


SN 


1980 1981 
Forage attribute r p i p 
Live biomass sor! ns ~63 «090 
Dead biomass 24 ns 0 ns 
Total biomass 42 ns soz ~096 
% Dry matter Oh ns 84 001 
% Acid detergent fiber #23 ns 52a, ns 
% Phosphorus moe maer exe) ene ns 
% Crude Protein oi3 ns eo, ns 


NSs-nOtmshoOniricantiatmps 10. 


To summarize, the lower quality foods found in 
grasslands were the major food source in all treatments. 
Percent dry matter was the single most important forage 
attribute determining diet proportion in the October grazing 
treatments. Biomass levels were of greater importance under 
heavy grazing than under light grazing in October, 
especially in 1981. Other attributes were of little 
importance. In June, the preference for live herbage 
relative to dead herbage in grassland communities had the 
most prominent effect on animal response. Various quality 


attributes were significantly correlated with community 
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preferences and diet proportions of forages. Biomass levels 
were most important under a heavy grazing intensity. 
Community preferences of cattle in the two heavy grazing 
treatments showed more changes within grazing periods than 
those of cattle in the light grazing treatments, especially 
Mg = Stet 

Diet proportions of major forage sources showed a 
positive relationship with DM intake rate or foraging 
efficiency (Fig. 6.1). Lower diet proportions were 
associated with forest forages that exhibited smaller intake 
rates. Despite the lack of DM intake rates at the community 
level, an indirect positive relationship of foraging 
efficiency with community preference was apparent in the 
positive relationship of community preference to forage 
preference (Fig. 6.2). Obviously, response to major food 
sources waS an important determinant of response at the 


community level. 


6.4 Discussion 

There were no attributes to which cattle response was 
consistently significant. Indeed, Arnold and Hill (1972) 
qualify such attempts at universal relations with the 
Statement, "“InSignificance of a correlation of one attribute 
with preference indicates only that it is not of great 
importance, while significance is not proof that it is the 
main determinant unless all factors are adjusted for.” 


Furthermore, correlations with preferences must be related 
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PROPORTION OF FORAGE IN DIET, % 


Legend 


Regression 
x Raw dato—Grassiand 


O Raw data—Forest 


0 10 20 30 40 #+5O 60 76 806 #980 00 0 ~§120 
DRY MATTER INTAKE, grarns/minute 


Figure 6.1 Regression of diet proportions of eight forages 
Withetoraging efficiency (DM intake=rate), “June, 1981 


(Regression equation: Y=.26X+3.64 at ps.00, R*=.47). 
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COMMUNITY PREFERENCE, >1=preferred 


Legend 


Regression 
x Raw dato—Grassland 


GQ Raw data—Forest 


0 S 10 18 20 2s 30 
FORAGE PREFERENCE, >1=preferred 


Figure 6.2 Regression of community preference indices 
(proportion of time Spent foraging/proportion of total drea 
available) with forage preference indices (proportion of 
total bites/proportion of total area available) for the 
major forages in each community, June, 1981 (Regression 


duction: Y=: 0986x4409 ath ps.00, R2=.77); 
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to specific compounds or physical properties of plants since 
animals cannot select food simply because it is high in 
"Protein "On energy = (ArnoldoandsHy liv 1972" zanor. and 
Houpt™ 1977). The difterences in attribute correlations 
indicated that the selection process was a multidimensional 
response. The wide variation in environmental conditions in 
1980 and 1981 served to emphasize this. However, the 
correlations did relate community and forage preferences to 
forage quality and quantity in a general sense. Cattle 
showed a general preference for lower quality forages 
available in large quantities in grassland communities. This 
concurs with Emlen (1966,1968) and Menge (1972) who noted 
that consumers may select lower quality foods when they are 
available in greater abundance than higher quality foods. 
However, animals utilizing the "low quality" forage referred 
to in the grasslands of this study were far from the point 
of suffering nutritional deficiencies (Appendix E). The 
grassland forages were of lower quality only ina relative 
sense when compared to forest and shrubland forages. Within 
grassland communities, cattle exhibited preference for the 
live component of total herbaceous biomass. This supports 
research showing cattle prefer new growth over old and 
leaves over stems and dead material (Heady 1964; Chacon and 
Stobbs 1976; Zahorik and Houpt 1977). It also indicates that 
while response was largely governed by DM intake, forage 
quality was important in situations of ample forage 
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Situations of high food density (Emlen 1966; Menge 1972; 
Bois ve a1 9 716) sethesdrought cond: tlonsuot wuneswioed) 
enhanced the effects of availability on animal response. 
Increased use of high quality forages in forests and 
shrublands in the second half of the grazing period occurred 
under both light and heavy grazing. This was a response to 
the lack of herbaceous regrowth on grasslands and the 
preference for green forest forages over the dead grassland 
herbage that remained after the initial grazing. Under light 
grazing, forest forages were less quickly depleted resulting 
in insignificant correlations of grassland attributes with 
community preferences. Still, when forest depletion did 
occur, the grasslands provided unlimited supplies of forage. 
Under heavy June grazing, cattle depleted live and dead 
herbage supplies in grasslands during the first half of the 
grazing period. Then, forest forages were quickly depleted 
and cattle had to return to grasslands for forage. Thus, in 
spite of a non-selectiveness among plant communities in the 
second half of grazing, cattle diets were still dominated by 
grassland forages. Again, the low productivity and poor 
VUOOr Ofetorestsforbs and browse after long-termuexposures to 
heavy grazing was a prime contributor to grassland over-use. 
In October, 1981, the late killing frost resulted in 
abnormally available forage sources in the forest and 
shrubland communities. This promoted short term increases in 
high quality forage use. It also indicated that forage 


quality was of greater importance when food availability was 
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relatively high. When leaf abscission and forb senescence 
occurred, obvious negative effects on foraging efficiency 
and quality caused use of forest forages to decrease 
dramatically. This supports Chacon and Stobbs (1976) who 
noted that intake rates for cattle were largely dependent on 
a high leaf yield and leaf to stem ratio. The effects of 
frost on foraging efficiency were obviously most important 
because after leaf abscission browse species were still 
higher quality forages than dead herbage. Thus, due to the 
relatively high abundance and availability of grassland 
forage sources, overall preferences in the light October 
treatment were still pre-dominantly governed by DM intake. 
Under heavy October grazing, forage availability was of 
greater importance. In 1980, herbaceous production provided 
a supply of live herbage sufficient for the entire grazing 
period. However, animals were forced to utilize live and 
dead herbage supplies in the first half of the grazing 
period in October, 1981. Then, live and dead herbage 
Supplies were largely depleted during the second half of 
grazing. Non-selectivity among communities was the result. 
Thus, the summer-long drought and late killing frost of 1981 
affected forage availability such that the relative 
bonobttability. somareeding in forest “and snrubiand 
communities increased over the short term. The drought 
limited herbaceous forage production while the frost delayed 
leaf abscission of shrubs and senescence of forest forbs. 


Thus, both quality and availability of forages were factors 
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contributing to increased use of forest forages. Cattle 
exhibited the ability to assess the profitability among 
forages and communities and adjust their foraging strategy 
accordingly (Royama 1970; Smith and Dawkins 1971; Simons and 
Alcock 1971). Under average environmental conditions, cattle 
indicated grasslands provided the most profitable forage 
sources, as indicated by the high foraging efficiencies. But 
under heavy grazing intensities, drought, or in late summer 
Peronmtogrhneskilling frosty this protitabilatyemay favor 
Shrubland and forest use. 

To summarize, animal response at the community level 
was related primarily to foraging efficiency at the species 
level. In other words, community preferences depended on 
diet selection of forages. Diet selection was an integrated 
response largely dependent on the relative foraging 
efficiency, quality, and availability of major food sources. 
Forage quality became a more important factor as food 

availability increased due to the increase in cattle 
selectivity. Under average range conditions in the aspen 
parkland, the effect of availability is such that cattle 
find the highest foraging efficiency amongst grassland 
forages. However, the effects of environment (drought) and 


management (grazing intensity) may alter this behavior. 
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7. CATTLE USE OF ASPEN SUCKERS IN THE FOREST EDGE GRASSLAND 


eller Oduciti6n 

In view of the negative effects of aspen invasion on 
the productivity of grassland forages (as noted in Chapter 
1), an in-depth analysis of cattle response to aspen in the 
forest edge grassland community is desirable. The forage 
preferences and dominant foraging activities of cattle 
within the community have been elucidated. Further study of 
the impact of cattle grazing on aspen invasion is desirable. 
Patterns of cattle use and the extent of aspen mortality may 
be useful in developing control strategies to curb aspen 
invasion. 

There is little published research concerning strategic 
brush control using cattle, despite the early recognition of 
aspen in their diet by Sampson (1919). Moss (1932) 
hypothesized that cattle could prevent aspen invasion while 
Johnson et al. (1971) recognized cattle browsing and 
trampling as inhibitory factors to brush invasion. Hilton 
and Bailey (1974) found utilization levels by cattle on 
3-year old aspen regrowth ranging from about 15 to 25%. 
Smptheetwal, (1972) attributed aspen injury rates of 23), 87 
and 9% respectively in the first three years following a 
clearcut in Utah to the effects of cattle browsing and 
trampling. However, mean utilization of aspen in that study 
dud@noteexceca al0%eim anyvot the “threesyears *7Greatest’ use 


(53% of suckers) was observed in the shortest height class 
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efssuckers (560i cm); while use of suckers taller than 150): cm 
was Minimal sSmatheet tale. 661972) also moted thatrcattle 
browsed aspen more readily as the summer season advanced. 
This agrees with observations by FitzGerald and Bailey 
(1984) and Hilton and Bailey (1972) who found greater aspen 
use in August than in early spring or summer. Results from 
this study generally support such observations within the 
summer season but also indicate a dramatic decrease in aspen 
use after leaf fall. FitzGerald and Bailey (1984) also 
demonstrated successful control of aspen regrowth using 
heavy grazing in August. However, they noted an inability to 
control succession of other shrub species, particularly 
western snowberry, without additional application of 
Seasonally timed grazing periods, or other control measures. 
Thus, this part of the study was designed to determine 
the levels of aspen use and subsequent mortality 
attributable to cattle across seasons, grazing intensities 
and years. Secondly, it was desirable to relate cattle use 
and the mortality of aspen to specific plant parameters and 


community attributes. 


7.2 Methods 

Use and mortality measurements of aspen suckers during 
grazing treatments were obtained from 20 to 25 mapped 
suckers in ten randomly chosen transects or areas in the 
forest edge grassland community of each treatment. New 


transects were selected each year. Within each area, suckers 
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were mapped relating their distance and order of coincidence 
to a string stretched between two markers aligned 
perpendicular to the forest margin. The markers extended 
from the inner to outer limits of the forest edge phase 
grassland community and mapped suckers were within 1m of 
the string (on either side). When more than 25 suckers were 
available within a transect area, suckers were selected 
randomly. Individual suckers were monitored approximately 
every 3 days during the grazing period. Measurements 
included height, number of main branches, age, the number of 
times browsed, and any changes in the above measures due to 
browsing. Mortality and reason for mortality were also noted 
during and following the grazing period, and during the 
following spring. 

One portable 2-m? exclosure was Set up near each 
transect before grazing and randomly relocated approximately 
every week of the grazing period. Before the weekly 
relocation, herbaceous biomass was harvested in two 0.5-m? 
quadrats, one inside and one outside each exclosure. Biomass 
was separated into live and dead herbage fractions for 
inside and outside quadrats, bagged, and later weighed. 
Weights of inside and outside quadrats for weekly exclosures 
within transect areas were used to determine live, dead and 
total herbaceous biomass levels throughout the grazing 
period. Biomass levels in each area were based on two 
quadrats. For example, live herbage from the outside quadrat 


harvested before grazing was averaged with the live herbage 
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harvested from the inside quadrat 1 week later. Similarly, 
the outside quadrat harvested after 1 week was paired with 
the inside quadrat after 2 weeks of grazing and so on Thus, 
the weekly herbaceous biomass estimates for various 
treatments (Appendix G) were means based on 20 quadrats (2 
quadrats for each of 10 transect areas). Measures of the 
aspen density (number/m?) and canopy cover estimate (%) of 
western snowberry were also made for each quadrat harvested. 
Cumulative use of marked aspen suckers and the relative 
depletion of herbaceous biomass over the grazing period were 
plotted for each treatment. Analysis of variance tests were 
performed on the number of browsSings per sucker and 
mortality rates across seasons, grazing intensities and 
years. The number of browsings per sucker was calculated by 
dividing the total number of observed browsings by the 
average number of live aspen suckers available each day of 
the grazing period. Mortality rates were calculated using 
only marked suckers that could be accounted for. Suckers 
used by rabbits or other rodents or for which no remains 
could be found the following spring were not included in 
NonmcalieysGcatewmcalculations. Ssampleemeans were tested tor 
least significant differences according to Steel and 
Torrie's (1980) method for unequally replicated means 
(Chapter 3). Finally, multiple regression analyses were 
performed to determine the relative effects of aspen 
density, snowberry cover, sucker height, number of branches, 


age, initial live, dead and total herbaceous biomass 
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(Appendix H) on aspen sucker mortality rate and number of 


browSings per sucker. 


7.3 Results 

Cumulative use of aspen suckers under light June 
grazing showed that fewer trees were browsed twice in 1980 
thane oe) (Pig. 72l,0/7.2). Therelwere 41 and: 23% ahive 
unbrowsed suckers at the end of the grazing periods in 1980 
and 1981, respectively. Conversely, no live suckers remained 
unbrowsed under heavy June grazing (Fig. 7.3, 7.4). Over 29% 
of the suckers were browsed two or more times in this 
treatment. Immediate death of suckers during the grazing 
period was higher under heavy June grazing in 1980. Two 
major factors that contributed to immediate death during the 
grazing period in June were trampling and uprooting by 
browsing cattle. The average age of suckers was lower in 
1980, especially in June (Appendix H). Thus, more young 
suckers were uprooted by cattle during June, 1980. In 
October, hare browsing was the most significant cause of 
sucker death during the grazing period. However, sucker 
deaths were fewer than in June. Immediate death due to hare 
browsing was more extensive in 1980 when there were more 
young suckers. The light October grazing treatment showed a 
relatively low number of browsed suckers (15 and 18% in 1980 
and 1981, respectively) and a large number of live unbrowsed 
suckers following grazing, despite the severest effect of 


Mortality due to hares (Fig. /.9,. 7.6). The heavy October 
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Figure 7.1 Cumulative use of aspen suckers by cattle under 


light June grazing, 1980. 
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Figure 7.3 Cumulative use of aspen suckers by cattle under 


heavy June grazing, 1980. 
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Figure 7.4 Cumulative use of aspen suckers by cattle under 


heavy June grazing, 1981. 
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Figure 7.5 Cumulative use of aspen suckers by cattle under 


lughtsOctober grazing, 1980. 
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treatment showed similarly large numbers of live unbrowsed 

suckers following grazing in both years, although aspen use 
im i961) was greater (Fig. 7.7, 7.8). The majority of aspen 

usSesin) October, 198iyecame in the first ten days of grazing 
prior to widespread abscission of leaves. 

Live, dead and total herbaceous biomass levels were not 
severely depleted by cattle under light June grazing in 
either year (Figures 7.9, 7.10). Depletion of live and total 
herbage was greater in 1980 but levels after grazing were 
still 1300 and 1900 kg/ha, respectively. Initial levels of 
live and total herbage were greater in 1981 because of an 
earlier start to the growing season than in 1980. In April, 
1981, precipitation had been above the long-term average. 
Then, in May, although precipitation was below average, it 
CCCunred at regular intervals throughout the month 
(Environment Canada, 1980). Rainfall was recorded in 11 days 
of May while the longest interval between rains was 5 days. 
Thus, combined with snowmelt and April rainfall, the May 
precipitation was sufficient to maintain growth until June. 
Conversely, in 1980, a slow start to the growing season 
resulted in relatively low initial levels of herbaceous 
biomass in June. This was because precipitation had been far 
below average in April and most of the rainfall in May 
occurred in the last 5 days of the month. Dead herbage 
levels increased during the final week of grazing in June, 
1981. This was associated with a decrease in live herbage, 


probably partially due to plant death caused by drought. 
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Figure 7.7 Cumulative use of aspen suckers by cattle under 


heavy October grazing, 1980. 
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Figure 7.6 Cumulative use of aspen suckers by cattle wunder 


heavy October grazing, 1981. 
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Figure 7.9 Live, dead and total herbaceous biomass levels 


(kg/ha) under light June grazing, 1980. 
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Figure 7.10 Live, dead and total herbaceous biomass levels 


(Xqg/fay tinder light June grazing, 1961. 
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Under heavy June grazing, depletion of live and total 
herbage did not approach critical levels until the last week 
Gf grazing (Figures 7.11, 7.12). However. total herbaceous 
biomass remaining after grazing was consistently less than 
half that remaining in other treatments. As in the light 
June treatment, initial levels of dead and live herbage were 
lesser and greater, respectively, in 1981 than in 1980. 
Under light October grazing, live and total herbage were not 
depleted below 1000 and 2900 kg/ha (Figures 7.13, 7.14). In 
addition to cattle use, depletion of live herbage was 
enhanced by senescence of green herbage after the first 
killing frost. This effect was more pronounced in 1981 when 
the initial herbaceous biomass quadrats were harvested prior 
to the first killing frost. Accordingly, dead herbage levels 
showed more dramatic increases during ‘the 1931 grazing 
period after the frost occurred. Total herbaceous biomass 
levels were generally higher in 1981, perhaps unexpected 
considering the summer-long drought in that year. However, 
these levels were partially related to dead herbage 
carryover from the previous year. The year 1980 was preceded 
by a dry year (1979 had only 335 mm of precipitation) while 
1981 was preceded by an above average year for rainfall. 
Thuswemore cacrnyover likely» occurred intos19e lythanvinto 
1980. The timing of quadrat harvesting was also an important 
factor. Peak biomass levels occurred just before the killing 
frost. Therefore, the 1981 grazing period coincided with 


peak biomass levels while the 1980 grazing period occurred 
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Figure 7.11 Live, dead and total herbaceous biomass levels 


(kg/ha) under heavy June grazing, 1980. 
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Figure 7.12 Live, dead and total herbaceous biomass levels 


(kg/ha) under heavy June grazing, 1981. 
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Figure 7.13 Live, dead and total herbaceous biomass levels 


(kg/ha) under light October grazing, 1980. 
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Figure 7.14 Live, dead and total herbaceous biomass levels 


(ko7heajewinaer light October grazing, 1931. 
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St Ter thts peak. Finally, inespite om the amitial 
differences, levels of herbaceous biomass remaining after 
grazing were very similar between years, especially when 
considering that the grazing period was 6 days shorter in 
1981. Under heavy October grazing, live and total herbage 
were depleted to similar levels in both years (Figures 7.15, 
7.16). The delay of the killing frost in 1981 resulted in 
lower initial levels of dead herbage than in 1980, but 
levels remaining after grazing were similar. The summer-long 
drought had a greater effect on levels of total herbage 
under heavy October grazing. Unlike the light October 
treatment, initial levels were less in 1981 than in 1980. 
Levels of total herbage remaining after heavy grazing were 
higher in October than in June by 600 and 325 kg/ha in 1980 
and 1981, respectively. 

Grazing intensity and season had the greatest effect on 
the number of browsings per aspen sucker. The number of 
browsings per sucker was two times greater under heavy 
grazing and nearly five times higher under June grazing 
(Table 7.1). Accordingly, the greatest use of aspen occurred 
in the heavy June treatment (Table 7.2). 

Under light June grazing, cattle spoeerad shorter 
suckers having fewer terminal branches (Table 7.3). Areas 
with high amounts of initial herbaceous litter showed a 
lower number of browsings per sucker. Aspen density and 
snowberry cover had little effect on aspen use in the light 


June treatment. Under heavy June grazing, sucker height was 
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Figure 7.15 Live, dead and total herbaceous 


(kg/ha) under heavy October grazing, 


3000 


2700 


2400 


= — — nN 
ne) a) foo) rae 
(2) Oo oO jo} 
oO fo) f=) oO 


HERBACEOUS FORAGE REMAINING, KG/HA 
wo 
oO 
oO 


fon) 
oO 
Oo 


300 


0 


0 


2 


4 


bets ae 


6 


fe} al fo) thre UE GUS) tts} 2X0) (2) ae 
DAYS OF GRAZING 


WES) 


Figure 7.16 Live, dead and total herbaceous 


(kg/ha) under heavy October grazing, 1981. 
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Table 7.1 Effect of year, grazing intensity and season of 
use on the number of browsings per aspen sucker. 


Year Intensity Season 
1980 1981 light heavy June OGite 
Average number O57 #* 0575.).0..44 *£,0588> 1 702.044.0522 


of browsings 


** denotes significant difference between means (ps.05). 


Table 7.2 Effect of grazing intensity on the number of 
browsSings per aspen sucker in June and October. 


TLeacment 
ivgke heavy bse ehe heavy 
June June October October 
Average number ORG3ab he437 a OFZ Um Oe Ss) 


of browsings 


Means followed by the same letter are not significantly 
autferent =(ps.05)). 
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Table. ve3-)Eitect: of various attributesson the number 
of browsings per sucker, as expressed by the simple 
eorrelation. coefficient 4r) and the total variation 
accounted for (R=). 


Treatment 
light heavy light heavy 
June June October October 
Attribute R? Ve R? r R?2 Is R? é 


Heights ofasucker |.07 —=43 Lome aS SA dey) SION teirs Gis) 


Age of sucker 5 ee) ns -03 ns ,067=.45 =05 ns 
Number of main Ai Sete) a) 306 ns Lele at oy) 200 ns 
branches 

Aspen density 205 ns 205 ns ~0.0 ns e194. 44 
in area 

Snowberry cover s02 ns 209 ns 04 ns 206 ns 
in area 

Init,alstotal 205 ns 703 ns 00 ns TOOm=s. 3: 
herbage biomass. 

Initial live 300 ns 00 ns .06 -.44 <0 ns 
herbage biomass 

Initial dead 0085647 00 ns ~02 ns a 16m 53.6 


herbage biomass 


ns-correlation coefficient not significant (ps.05). 
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theponly attribute isignificantiy conre lated with aspemmuse. 
Taller suckers were browsed more often while the number of 
branches and age showed no relationship. Under light October 
grazing, the number of browsings were greater on younger, 
shorter suckers with fewer main branches. Transect areas 
with high initial levels of live herbaceous biomass showed 
fewer browsings per sucker. Under heavy October grazing, 
taller suckers were browsed less often. Areas having a high 
aspen density or high initial levels of total and dead 
herbaceous biomass exhibited fewer browsings per sucker. 

Grazing intensity and season had the greatest effect on 
aspen mortality. Mortality was eee two times greater 
under heavy grazing and over six times greater in June than 
in October (Table 7.4). Thus, the greatest mortality was 
observed under heavy June grazing (Table 7.5). 

The number of browsings per sucker accounted for most 
of the variation in aspen mortality under light June grazing 
(Table 7.6). Mortality was higher for suckers that were 
browsed more often. However, taller suckers with more main 
branches showed lower mortality rates. Similarly, suckers 
found in areas having high western snowberry cover or high 
eeu levels of dead herbage were also more likely to 
Survive. Under heavy June grazing, sucker height was the 
major determinant of aspen mortality. Shorter, younger 
suckers with fewer main branches had higher mortality rates. 
Suckers in areas with a high aspen density also showed lower 


mortality. This related directly to the number of browsings 
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Table 7.4 Effect of year, grazing intensity and season of 
use on the mortality rate (%) of aspen suckers. 


Year Intensity Season 
oo0 1981 light heavy June OGrEn 
Mortalityerate <(%) @r26el) +42 3230 Bo lok eo 46 oy ae eee 4 


of aspen suckers 


** denotes significant difference between means (p<.05). 


Table 7.5 Effect of grazing intensity on the mortality 
rate (%) of aspen suckers in June and October. 


Treatment 
tight heavy Mont heavy 
June June October October 
Monealtyorace (%)° 35.1) b Sino 1a 369) .b WOT te) 


of aspen suckers 


Means followed by the same letter are not significantly 
aibrerent §(p=.110) 
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Table 7.6" Effect ofmvarious attributes on the mortality 
rate of aspen suckers, aS expressed by the simple 
Gerrelation coefficient (r) and the total variation 
accounted for (R7). 


Treatment 
Pagiit heavy daght heavy 
June June October October 
Attribute R? G R? Lr R? G R? r 


Number of times S36 OU a i ns ey2 Bee 2 no0 eS 
browsed 
Height of sucker .06 -.49 .24 -.49 OV onl) 04 ns 


Age of sucker 06 ns 7O2S=%39 SON areas 00 ns 
Number of main SUCmo oe .00 -.44 Ole Sees oO ns 
branches 

Aspen density .08 ns 702 =e 30 OZ ns .00 ns 
in area 

Snowberry cover SO me arse 6) ns 00 ns pli: ns 
in area ; 

Initial total 04 ns 200 ns 00) ns .00 ns 
herbage biomass 

Initial live 0 ns (O07 eS 08 ns 200 ns 
herbage biomass 


Initial dead 2005=.40 0.0 ns 709 ns SO Ze ss 
herbage biomass 


ns-correlation coefficient not significant (ps<.05). 


es 


per sucker whereby areas of higher aspen density had fewer 
browSsings perisucker) (simple r=-.39 at p=.05). Finally, 
areas with high initial levels of live herbaceous biomass 
showed higher mortality of aspen under heavy June grazing. 
In the light October treatment, the number of browsings per 
sucker was the major positive determinant of mortality. 
Taller, older, multibranched suckers had lower mortality 
rates. Initial levels of dead herbaceous biomass had an 
indirect relationship with mortality. Dead herbage levels 
were poSitively correlated (simple r=.39 at ps.05) with the 
number of main branches per sucker. Thus, areas with higher 
initial levels of dead herbage were often areas where 
suckers had many branches and were less susceptible to 
mortality. The number of browsings per sucker was the major 
determinant of aspen mortality under heavy October grazing. 
It was positively correlated with mortality rates. Areas 
with higher initial levels of dead herbage showed lower 
aspen mortality. Dead herbage levels were also positively 
correlated (simple r=.49 at ps.05) with western snowberry 
cover, an indirect indication of lower aspen mortality in 


areas of high snowberry cover. 


7.4 Discussion 

Season of grazing was the most important factor 
affecting aspen sucker mortality. Cattle preferred aspen as 
a browse species in June when current annual growth was 


green and leafy. In October, after abscission of leaves, 
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aspen was less preferred than saskatoon, rose, and western 
snowberry. The leaves of western snowberry remained attached 
fongere than aspenvatter the firstekilling irostymakingsit 
particularly attractive browse. In October, 1981, the 
extended green season resulted in an increase in aspen use, 
notably in the first two weeks of grazing prior to the 
killing frost and leaf abscission. In all grazing 
treatments, browsing of aspen occurred prior to any severe 
depletion of live herbage or total herbaceous biomass. This 
supports a "diverse diet" foraging strategy where cattle 
continuously sample various forages in search of the most 
efficient food source (Royama 1970; Smith and Dawkins 1971; 
Simons and Alcock, 1971-> Zahorik= andsHoupt, 1977). 

Under light June grazing, herbaceous biomass levels 
were never limiting in either year. However, the June 
drought of 1981 inhibited herbaceous regrowth in small, 
locally overgrazed areas of the forest edge phase grassland. 
These areas had supplied cattle with green herbaceous 
regrowth void of dead herbage throughout the grazing period 
in 1980. But, under drought, animals were forced to utilize 
areas where live and dead herbage were mixed (as the bite 
sizes indicated from day 6 to day 21 in Chapter 5). Animals 
responded negatively to the forced use of dead herbage by 
increasing use of aspen and other browse species in 1981. 
This concurs with work by Hilton and Bailey (1972) who noted 
that, cattle use of aspen) forests increased under a June 


drought despite ample available herbage in grasslands. It 
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indicates that cattle may consider aspen and other browse as 
more profitable alternate forage than dead herbage over the 
short term. The dislike for dead herbage by cattle also had 
negative effects on aspen use. Areas with high initial 
levels of dead herbage showed fewer browsings and lower 
mortality of aspen. This is likely related to the direct 
avoidance of dead herbage by cattle. However, the dead 
herbage layer also protected younger, shorter suckers from 
browsing, particularly those in the first year of growth 
having one terminal branch. This effect has been confirmed 
by Sampson (1919). The protection of new suckers, combined 
with avoidance of older, taller, woodier suckers resulted in 
insignificant correlations of age with browsings per sucker 
and mortality rates. Preferred plants were suckers in the 
second or third year of growth that had extended one or two 
terminal branches above the litter layer. This was confirmed 
by negative correlations of sucker height and number of main 
branches with browsings per sucker and mortality rates. The 
greater use of shorter suckers and avoidance of older, 
taller suckers was consistent with research by Smith et al. 
(1972). Western snowberry had additional negative effects on 
aspen mortality. It promoted dead herbage build-up and 
impeded forage selection by acting as barrier to grazing 
animals (Bailey 1970). Herbaceous biomass depletion was 
greatest under heavy June grazing. Levels of herbage reached 
critical levels by the final week of grazing in both years. 


However, in 1980, cattle were able to utilize green 
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herbaceous regrowth throughout the grazing period due to 
above average rainfall. Conversely, in 1981, the severe 
drought inhibited herbaceous regrowth. Accordingly, cattle 
use of aspen and other browse species was greater in 1981, 
consistent with results for the light June treatment. 
However, aspen use was much higher under heavy grazing given 
that depletion of live and dead herbage supplies were 
equally extensive. This increasd browse use indicates a 
dietary adjustment by cattle in response to low availability 
of preferred foods (Emlen 1966; Menge 1972; Ellis et al. 
1976). Since no live unbrowsed suckers remained after 
grazing in either year, more suckers were browsed twice, 
three and four times in 1981. Due to the high number of 
browsings, older multibranched suckers had a shorter growth 
habit than those in the light June treatment. The taller 
suckers were often in the second or third year of growth and 
had only two or three long terminal branches. Therefore, 
these suckers had considerable current annual growth 
available after the initial browsing. In contrast, young 
Suckers in the first year of growth were often totally 
depleted of leaves or uprooted by one bite. They were not 
protected by a heavy litter layer as in the light June 
treatment. Thus, taller suckers were browsed more often. 
However, multibranched suckers, usually older than 4 years, 
were less preferred because they had many short terminals 
that were less efficiently harvested by cattle. This was due 


to the proximity of the woody attachment to current annual 
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growth on twigs. Animals had trouble severing woody tissue 
when their bites extended onto the woody portion of twigs. 
In contrast, animals easily severed the current annual 
growth of twigs having long terminals. These responses to 
older, multibranched suckers resulted in insignificant 
correlations of age and number of branches with browsings 
per sucker. Aspen mortality was higher for younger, shorter 
suckers with fewer main branches. Obviously, young suckers 
totally depleted by one bite could be expected to have 
higher mortality than older, less easily depleted suckers. 
Since the number of browsings per sucker was consistently 
high under heavy June grazing, its predictive effect on 
mortality was largely a function of age, height and number 
of branches per sucker. Nevertheless, the number of 
browsings per sucker was greater in areas with a low aspen 
density. These areas also showed higher mortality. Cattle 
were less selective and used aspen more heavily in 
situations where aspen density was low, consistent with 
research by Emlen (1966) and Menge (1972). Aspen mortality 
was also higher in areas where initial levels of live 
herbage were greater. Obviously, cattle used these areas 
MOre —Orten for forage acquisition. Therefore, “use ‘and 
mortality of aspen was also greater on the basis of the 
continual sampling of forages by cattle (Royama 1970; Smith 
and Dawkins 1971; Zahorik and Houpt 1977). By the same 
theory, the high levels of aspen use and mortality observed 


in this treatment indicated that cattle recognized aspen as 
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a profitable alternate forage source for much of the grazing 
period. This was in part due to the low availability of 
herbage. Under light October grazing, herbaceous biomass 
levels were the highest among treatments before and after 
grazing. Cattle preferred to graze in locally overgrazed 
areas where, following initial use, they could regraze any 
fall regrowth without the hindrance of high dead herbage 
biomass or woody stems. Areas with high initial levels of 
live herbage showed lower aspen use. When cattle could 
obtain preferred live herbage, aspen became an unprofitable 
alternate forage in October due to its lack of leaves 
following abscission. Western snowberry was a more 
acceptable alternate forage for cattle because it retained 
leaves and berries long after the killing frost. The late 
frost in 1981 emphasized the effect of abscission on cattle 
response to aspen in October. Leaf abscission of aspen did 
not occur until the second week of the grazing period that 
year. Accordingly, aspen use was abnormally high during the 
first half of the grazing period. Then, after leaf 
abscission, use plummeted in the second half of grazing ina 
return to the norm of aspen avoidance in October. This 
behavior supports research by FitzGerald and Bailey (1984) 
who OEE the readiness of cattle to browse aspen during 
August in the prescence of ample herbaceous biomass. 
FitzGerald (1982) and Hilton and Bailey (1972) suggested 
that the quality of herbage in late summer was such that 


aspen and other browse became more acceptable forages. 
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Ceteainiy,) cattlevexhibited a Similar foraging stratecy 
Pie On tO leat abscission in thisvstudy, This study also 
indicated that a lower range in forage quality exists 
between browse and herbaceous forages in October than in 
June (Chapter 6). Cattle preferred leafy suckers in the 
first or second year of growth with one or two terminal 
branches. Unlike the light June treatment, new suckers had 
completed a full growing season. Therefore, most were well 
established and extended above the dead herbage layer. 
However, while more available, a single browsing was less 
likely to totally deplete or uproot suckers as in June. 
Numerous suckers in the second year of growth having two 
terminal branches were observed, a direct observation of 
lower mortality in October. Obviously, light use when plants 
are entering the dormant state results in a multibranched 
growth habit less easily depleted by browsing (FitzGerald 
1982). Sucker mortality was highly dependent on the number 
of browsings per sucker. This indicates that while suckers 
were more resistant to mortality in October, they were not 
immune to the stress inflicted by browsing. 

Sucker mortality under heavy October grazing was also 
highly dependent upon the number of browsings per sucker. As 
in the light October treatment, the vast majority of aspen 
HcemoccuLbred priocEutosleateabscission. sThiss treatments showed 
greater depletion of herbaceous biomass than the light 
October treatment. Yet, unlike the heavy June treatment, 


cattle were able to utilize dead herbage supplies produced 
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over a full growing season. Thus, because live herbage 
Supplies were quickly depleted under heavy grazing and fall 
regrowth was minimal relative to that in June, cattle 
preferred areas with high levels of dead and total herbage. 
Use and mortality of aspen was lower in these areas because 
preferred forage was more available and aspen was a less 
profitable alternate forage after abscission. A second 
reason relates to the positive correlation of dead herbage 
levels with number of main branches per sucker. Since cattle 
were continuously sampling all forages, areas used more due 
to high herbage levels also attained a light use of aspen. 
The resultant growth habit of these lightly used suckers 
made them less susceptible to depletion by browsing. 
FitzGerald (1982) noted this effect on the growth habit of 
aspen browsed late in the growing season. The absence of a 
heavy dead herbage layer in this treatment resulted in less 
protection of young suckers. Animals were selecting forage 
largely on the basis of abundance and availability. Thus, 
shorter suckers within close range of the herbaceous and low 
shrub layers suffered higher use and mortality. Autumn 
preference for western snowberry resulted in greater use of 
older suckers than in the light October treatment. This was 
because older, multibranched suckers were about the same 
height as the western snowberry shrub layer under heavy 
grazing. Conversely, older suckers in the light treatment 
had much taller growth habits due to fewer browsings over 


the years. Furthermore, the western snowberry shrub layer 
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was used more under heavy grazing due to the lack of 
abundant herbaceous biomass. These factors resulted in 
insignificant correlations of age and number of branches 
with aspen use and mortality under heavy October grazing. 
Aspen use was also greater in areas with a low aspen 
density. Again, this demonstrates the decrease in 
selectivity noted when food density is lower (Emlen 1966; 
Menge 71972; "Ellis set "aly 1976), ‘consistent withebehavirorn ein 
the heavy June treatment. However, the wide differences in 
aspen use and mortality between the two heavy grazing 
treatments indicated that aspen was not considered a 
profitable alternate forage source in October. Animals 
preferred dead herbage supplies and western snowberry leaves 
and berries more than leafless aspen when depletion of live 
herbage occurred in October. However, Significant use of 
aspen as an alternate forage source was observed prior to 
leaf abscission and in June. 

Both light grazing treatments indicated that cattle 
preferred specific types of suckers based on height, age and 
number of main branches. Thus, under high food density, 
cattle were more selective regarding specific plant 
attributes (Emlen 1966; Menge 1972). The response to 
morphological attributes of suckers implied a possible 
relatwonship to differences in«quality. "One would suspect 
that the younger, preferred suckers were of higher quality 
than older suckers. They likely contained less fiber, more 


moisture, more protein and were more digestible. However, 
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Eher direct relationship. otsanamad selectivity, tomsuch 
nutritional fractions can be considered unpredictable and 
inconsistent based on the conclusions of Chapter 6 and other 
studies (Arnold and Hill 1972; Zahorik and Houpt 1977). 
Rather, response is more likely related to some specific 
chemical compound influencing response at the sensory level 
(Arnold and Hill 1972). Such compounds may or may not be a 
chemical derivative of quality fractions. The morphological 
attributes measured may also relate to physical factors 
affecting animal response. For example, ease of harvesting 
might be the factor determining preference for younger 
suckers, perhaps related to fiber and lignin content or 
Simply the stem diameter. Cattle had notably more trouble 
severing woody stems than current annual growth. These 
factors certainly affected the intake rates for browse 
forages. The interaction of quality and physical factors 
with environmental variables further confounds explanations 
of animal response. Considering the integrated response 
theory confirmed in Chapter 6, all of these factors play 
some role in determining response. But, a limit to the 
separation of effects exists due to confounding by the 
interaction of variables. 

The animal response to aspen suckers is largely 
governed by certain morphological attributes of aspen and 
the relative density and availability of all food types, 
especially live and dead herbage. Conversely, aspen sucker 


mortality is dependent on the number of browsings, its 
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morphological and physiological state, and the indirect 


effects of the environment upon animal response. 
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8. CONCLUSIONS 

Grassland communities were generally preferred over 
forests or shrublands. This was directly related to the 
relatively high foraging efficiency cattle achieved using 
grassland forages. Bite rates, bite sizes and DM intake 
rates for grassland forages were greater than for forest 
forages. Nevertheless, browsing was a significant foraging 
activity in all treatments at levels exceeding previous 
reports in the literature. Browse species represented higher 
proportions of cattle diets under a light grazing intensity, 
especially in June when browse leaves were available. 

Supplies of forest forages were more quickly depleted 
than grassland forages. This depletion was more pronounced 
under a heavy grazing intensity, thereby imposing additional 
grazing pressure on grassland communities. Accordingly, 
grassland forages contributed a greater proportion to cattle 
diets under a heavy grazing intensity. 

Cattle were normally more selective among plant 
communities in October than in June. They showed greater 
avoidance of forests and shrublands and greater preference 
for grasslands in October. However, abnormally high use of 
forest and shrubland communities occurred in October, 1981, 
when leaf abscission of shrubs and senescence of palatable 
forest forbs were delayed by a late frost. Animals utilized 
these unusually available forages as profitable alternatives 
to grassland herbage over the short term. Once depletion of 


these forages occurred, cattle diets were again dominated by 
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grassland forages. Thus, cattle were able to determine the 
relative profitability of food acquisition among 
communities. They did this by continual sampling of forages 
and selection of a diverse diet. Their response was an 
integrated response largely dependent on the relative 
foraging efficiency, quality and availability of forages. 
Forage quality had its biggest effect under situations of 
high food availability. Cattle preferred live herbage over 
dead herbage, especially in June and under a light grazing 
intensity. Similarly, leafy browse was preferred over dead 
herbage when ample supplies of live herbage were available. 
However, browse species were avoided after leaf abscission, 
largely a response to the negative effects on foraging 
efficiency. This demonstrated the dominating influence of 
foraging efficiency on forage preference, considering that 
dead herbage was a lower quality forage than abscised 
browse. 

The diverse diet strategy employed by cattle 
contributed to significant use and mortality of aspen in all 
treatments. Aspen mortality was two times greater under 
heavy grazing than under light grazing and five times 
greater in June than in October. Aspen was avoided in 
October because it was one of the first browse species to 
undergo leaf abscission. Browse that retained leaves and 
fruit longer was preferred, especially western snowberry. In 
June, aspen suckers were a preferred alternate source of 


forage, especially under heavy grazing where depletion of 
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grassland herbage was most severe. Aspen mortality was 
highly dependent on sucker height and the number of 
browsSings per sucker. Shorter suckers and suckers browsed 
momresorten had thelhighest mortality rates mn all 
PEeCaAcmening . 

This study has elucidated some of the effects that 
grazing intensity and season of use have on cattle response 
and, in turn, on the range resource. The results have 
certain implications to management. Firstly, greater use of 
grasslands was observed under heavy grazing intensities. 
Repeated application of heavy grazing treatments for eight 
years has had negative effects on range condition and 
productivity in this study, especially in June (Bailey 
1980). In addition, the summer-long drought during 1981 
caused greater overuse of grasslands. Obviously, stocking 
rates should be adjusted for environmental conditions that 
affect forage production. Repeated application of light 
grazing treatments for eight years has resulted in 
unnecessarily high levels of dead herbage. Locally overused 
patches of rangeland that are grazed and regrazed in 
attempts to avoid the unpalatable litter have also 
developed. Obviously, stocking rates and season of use 
should be varied to avoid these problems. Cattle would 
utilize dead herbage more readily under a heavy grazing 
intensity applied in October when live herbage regrowth and 
palatable browse species are less available. Likewise, 


forage species suffering from repeated overuse and 


_ - “Sd 

76, 9 im one “tang aaa a 
. - > 

iene W (assue one ata 


jie af @ecee 


ee Pek a4) A sal: 


7% 1 PUTA OA “ ae so i ‘eo ase las “Cc 


a= eee 


os 


a 

: 4* ‘i 4 “ hiubed , ‘) tt 
i 
1 ee ee i enh | noo Sgt ahee 
» veggteickou- pavrsed= wae aime ies 
ee 
1Z2229 VALERA UE y Sout o4 6qqe shane 45 
-_ 
| wins lam @tcallhys seeteoen Bat Gal 23Rey 

. | aan 
9) ) Wie ree N a Walaa eH 3 ~ 48 FC qiivissbborg 
ae - 
+ on! teen LUE Ie mace aft  actzsiGhe nt . (08eF 
(Sods ta % enn ; ae api aeve tea IP Bbezu }e 
san, #70 2 arrears eNOS - 5-4 ~ eig( % ed aati 16% 
7 ; “ = ‘eg 
ret ; } > "1 (f ig.7t' yt : y fr ihe 44 Aeit Tat spuned Sat 


ohio Me amas le et omen i 
sites tives: semnliaen''r ieee ati 


hi eI 4" eit: cipbak tend Habis tm ae — 
dey Grad vate vite Riiiees te blews oa agmed 

| v5 _ 
ge 40 “np agae “prt iH sin Go ia ef: ered af woe oL.e 


Hibewalgins cue wails ah bm (aw ed 


= 


yet 6 Sat “ena | ne | 
ae ‘an a 


14) 


competition with unpalatables under heavy June grazing would 
benefit from a change in season of use. Grazing in the 
dormant state in October when carbohydrate reserves are most 
plentiful is less stressful on herbaceous species. Shorter 
grazing periods using higher stocking rates would also help 
reduce preferential grazing of preferred forages while at 
the same time forcing greater use of competitors. 

On the basis of this study, cattle are a potentially 
inexpensive method of controlling aspen invasion onto 
grasslands. However, their effectiveness is highly dependent 
on the grazing intensity, season of use and morphology of 
Suckers. GEacand Strategies geared to achieve high aspen 
mortality should use a heavy grazing intensity in June, 
based on these results. However, high levels of aspen use 
DElCrstonleadt abscission were noted in October, 1981. This 
Supports other research indicating a high cattle preference 
for aspen and other browse in late summer (Smith et al. 
1972; Hilton and Bailey 1972; FitzGerald and Bailey 1984). 
Further study of aspen mortality rates in response to 
browsing during late summer are desirable. Results of such 
research could be compared with the aspen mortality rates 


achieved in this study. 
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